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Block 20 - ABSTRACT
The diode junction is diffused into a 1 x 2 cm, 8 mil thick, P-doped.

silicon blank. Nominal inverse voltage standoff characteristics of 140 volts
at I mA leakage have been achieved with 20 ohm-cm base resistivity, 6

micrometer diffused junctions, and heavy silicon monoxide layers for surface
passivation. Typical forward voltage drop at 0. 3/3. 0 amperes are of the
order of 0.8/1. 2 volts. Conventional diodes exhibit nominal inverse voltage
standoff characteristics of 100 volts at 25 microamperes leakage, and typical
forward voltage drop of 0. 8/1. 0 volt at 0.3/3.0 amperes.
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1. INTRODUCTION

This Blccking Solar Cell Final Report presents data on a pro-rain for
development and testing of a diode for use on solar panels. The diode haeS the
physical properties of a solar cell and the electrical properties of conven-
tional diodes currently used for solar array reverse current isolation and
"protection. This combination of physical and electrical characteristics per-
mits mounting of the diode on the panel surface in series with the solar cells,
and is particularly useful for flexible arrays.

The program proceeded through development and test sequences as

described below.

Initially, two manufacturers were awarded subcontracts to develop
and deliver 40 evaluation diodes. The selected manufacturers were tP1SW
Electronics, Inc. and the Heliotek Division of Textron. The development
phase concluded with one of the manufacturers, Heliotek, delivering 42 diodesfor evaluation tests. KSW was unable to deliver the required number of eval-

uation diodes. In addition to the diode development subcontract, it was neces-
sary to procure second surface mirror covers to provide the diode assembly
with appropriate thermal properties. Three vendors submitte'd sample
covers, and after comparative testing, Optical Coating Laboratories
Incorporated (OCLI) was selected as the cover vendor.

The Heliotek evaluation diodes, delivered with OCLI covers installed,
successfully passed electrical, thermal, and radiation performance tests.

The evaluation phase was followed by a production phase in which
Heliotek fabricated, tested, and delivered diodes using OCLI covers to a
flight specification in accordance with a finalized production process.

The final phase of the program was a test phase during which the
diode was subjected to qualification and environmental tests. Although for-
mal qualification of the diodes is not considered accomplished, the testing
has demonstrated that the design approach is sound, and with additional
development as recommended in Section 7 of this report, qualification can
be completed.

1~
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The pertinent characteristics of the production diode are:

Electrical (room temperature)

Forward Voltage Drop

at 0. 3 ampere 0. 8 volt maximum

at 3.0 amperes 1. 2 volts maximum

Reverse Leakage Current

at 80 volts 0. 1 mA maximum

at 130 volts 0. 2 mA maximum

at 140 volts 1. 0 mA maximum

Reverse Recovery Time

C. 3 jLsec nominal

Mechanical

Size 1 by 2 cm
Thickness 0.015 inch (nominal)

(including cover)

Weight 258 mg maximum

Contact Material

Titanium silver or aluminum

Tabs

Cells delivered with solder coated copper or aluminum
tabs.

¶-71
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2. DIODE DEVELOPMENT PHASE

Two vendors, KSW Electronics, Inc. and the Heliotek Division of
Textron, were selected for the diode development phase. The initial approach
of both vendors was similar. It consisted of using epitaxial, N type silicon
and diffusing a P layer using a planar process. Neither vendor was success-
ful with this approach, being unable to achieve good diode reverse cha.racter-
istics with reasonable yield. During development both vendors attempted to
adapt their process to a bulk N starting material with a more highly doped
region adjacent tn the back contact to meet the required forward voltage char-
acteristics. This approach was also unsuccessful, in not achieving satisfac-
!tory reverse voltage ratings. Heliotek then initiated experiments with a mesa
process using the N bulk silicon, and found that they were able to get good
yield, although at a voltage level (.80 volts) below that required. The final
major development step at Hellotek was to change the starting material to a
:P type similar to that used for standard solar cells, diffusing an N junction,
etching a mesa which is then coated with silicon oxide for protection, and
using a P+ back layer for achieving acceptable forward voltage peirformance.
SKSW conthnued development of planar.diodes on various N substrates, but
were never able to deliver evaluation devices within the program schedule.

During the period of diode development, three vendors, KSW, OCLI,
and Heliotek submitted sample second surface mirrors which were tested at
Hughes. OCLI was selected as the cover vendcr on the basis of comparative
tests, although the Hellotek covers were also satisfactory.

The development phase concluded with Heliotek delivering 42 diodes
with OCLI covers installed, and with soldered or welded interconnects.

The remainder of this section describes the KSW, Heliotek, and
cover developments.

KSW DEVELOPMENT PROGRAM

Method of Approach

The basic concept was to produce an epitaxial silicon planar design

utilizing techniques which have been successful in producing small area

3
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SILICON EPITAXIAL LAYER, 10 TO 15 ohm -cm; PHOSPHOtiOUS DOPED N-TYPF.

_______1
I.ICONWOUSTRATE. 0.005 TO 0.015 ohm - cm: ANTIMONY DOPED N-TYPE

N07. TO SCALE ..-.

DIMENSIONS IN MJILS

PROTECTIVE GLASS
(OPTIONAL)

UMETALLIZATION
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EISb0 2

FIGURE 2-1. CROSS SECTION OF BLOCKING SOLARI CELL (KSW)
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epitaxial planar diodes with breakdown voltages in excess of 350 volts, and
with a forward current density considerably in excess of the diode
requirement.

V

Ihitially, to ascertain facility capability to reproduce the small area
* diode, several slices of epitaxial material purchased from Transitron Elec-
* tronic Corp. were processed using masks with small area (0.010 inch

diameter) windows. The results indicated tnat the desired minimum break-
down voltage of 200 volts was readily obtainable and the forward current,

i* proportional to the area, was more than adequate for tne large area diode.

Next, mask sets applicable to the large area design of the blocking
diode, as shown in Figure 2- 1, were prepared by Photronic Labs, Inc.
Emulsion copy plates were delivered to KSW, inspected, and found to con-
form to the design requirements.

Twenty-nine slices of epitaxial silicon were purchased from Transi-
tron Electronic Corp. Slice diameter was 1-5/8 inches, with thicknesses
from 0. 009 to 0. 010 inch.

A trial run of three slices was processed in the same manner as the
small area diodes previously described. This was designated Process A
shown in Table 2-1. The diodes (three per slice) were processed through.
titanium-silver metallizaticn. Individual units were obtained by diamond
scribing in the grid areas.

TABLE 2-1. PROCESS A

1. Standard slice clean for oxidation.

2. Oxidize 3t 11 50oC for 30 minutes dry, 180 minutes wet, and 30 minutes dry in oxygen
atmosphere.

3. Spin resist (KTFR), expose, and develop. Mask 1.

4. Etch thermal oxide from windows and grids.

5. Boron deposition at 9500 C for 5 minutes warmup in oxygen, 7 minutes source on (B2H 6 )
L with oxygen and nitrogen, then 10 minutes soak in oxygen and nitrogen.

6. Boron drive = 12000C for 90 minutes in 20 percent oxygen, 80 percent nitrogen atmcsphere.
7. Phosphorous deposition: 1000oc for B minutes warmup in oxygen, 15 minutes PH3 source

on, 15 minutes soak in nitrogen and oxygen.

8. Phosphorous reoxidation at 11200C for 60 minutes in dry oxygen.

9. Apply resist (KTFq), align, expose, and develop. Mask 2.

10. Etch boron and phosphorous oxides from windows.

11. Apply resist (KTFR), align, expose, and develop. Mask 3.

12. Clean for metallization.

13. Apply titanium-silver layer by high-vacuum vaporization to bot1 sides of slices.

14. Remove metal masking resist (KTFR).

15. Scribe on grids and break.

5
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Electrical results after processing were:

1) Best reverse voltage was 70 volts at I mA

2) All units met forward current requirements of >3 amperes at
1.0 volt.

In view of the failure to meet the reverse voltage requirement, the process
was repeated to determine if any anomalies existed during the processing
which could account for the observed soft breakdown characteristics. The
results of the second trial were very similar; the forward current require-
ment was sufficient, but the best reverse characteristic was 100 volts at
1.0 mA.

The corrective actions undertaken are listed below in chronological
order.

1) July 23, 1973 - Boron deposition time was increased from
22 minutes total time at 950 C to 30 minutes total time.
Five Transitron epitaxial slices were processed.

Results: One diode of the fifteen completed units met the
requirement of 200 volts at 1. 0 mA. This unit cracked during
forward testing.

2) August 10, 1973 - Boron deposition time was increased to
65 minutes to obtain a lower V/I ratio. A value of 8. 0 was
obtained as compared to V/I = 21.0 for the 30 minute boron
deposition time.

Results: The boron oxide was very difficult to etch out of the
windows (active areas). However, five of the nine diodes
obtained 80 to 120 volts at 1. 0 mA. All units were marginal
for the forward requirement - 2 to 3 amperes at 1. 0 volt.

3) September 12, 1973 - A run of six Transitron epitaxial silicon
slices was made in which the phosphorous deposition and
reoxidation steps were deleted. The hypothesis was that the
boron oxide in the windows may not have been a complete mask
for the diffusion of phosphorous atoms and would result in a
degree of compensation sufficient to lower the sheet resistance
of the boron diffused surface.

Results: Forward voltage values of 0. 85 volt were obtained at
3 amperes. However, the inverse values were in the range of
30 to 70 volts at 1 mA.

6 1
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4) September 20, 1973 - Three (3) slices of Transitron epitaxial
silicon were processed, again omitting the phosphorous steps
as in the previous run.

Resufts: Similar to the preceding run.

5) September 27, 1973 - Based on the supposition that the Transi-
tron epitaxial material may have had imperfections in the
epitaxial layer, bulk single crystal slices were obtained from
Semimetals, Inc. to determine if improvemer,'s in the inverse
characteristics could be obtained. Three slices were processed
and contacted with titanium-silver (TiAg) on both contact sur-
faces. The inverse characteristic was not improved, the voltage
obtained being 30 to 90 volts at 1 mA. The forward voltage drops
were very high at 3 amperes. This waa concluded to be the
result of high back contact resistance.

Three slices of the Semimetals material were then sub,;ected to
phosphorous implanting on the cathode side to determine if the
back surface concentration could be increased .-nd thus result
in a more nearly ohmic contact in conjunction with the TiAg
metallization.

Results: Some improvement was obtained, but not sufficient tomeet the 3 ampere specification.

6) October 11, 1973- Epitaxial silicon slices with specifications
equivalent to the Transitron epitaxial silicon specifications were
purchased from Semimetals, Inc. Six (6) slices were processed
in accordance with Process A showed in Table 2-1, which
includes the phosphorous deposition and reoxidation steps.

Results: Results were comparable to those obtained with the
Transitron epitaxial silicon; inverse voltages from 40 to 80 volts
at 1 mA, and forward voltage drops in the vicinity of 0. 85 volts
at 3.0 amperes forward current.

7) October 25, l?73 - In the previous runs the boron drive was
performed in the same diffusion tube in which the boron deposi-
tion took place. Due to continuing difficulties in the. removal of
the boron oxide thermally grown in the windows, a separate dif-
fusion (drive) tube was installed and put into operation for this
program. Three slices of the Semimetals epitaxial silicon were
processed to the Process A program.

Results: Althotgh the boron oxide removal was facilitated, no
improvement in the reverse charkcteristic was noted.

0 8) November 6, 19f3 - The previous program was repeated on six
slices of Semimetals epitaxial silicon slices, except the phos-
phort~us deposition and reoxidation steps were omitted.

7
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Results: The inverse characteristics displayed from 60 to 90 volts
at I mA. The forward voltage drops were very uniform; 0. 85 volt
at 3 amperes forward current.

HELIOTEK DEVELOPMENT PROGRAM

The flow chart showing the Hellotek process for their initial diode
fabrication is shown in Figure 2-2. Heliotek selected a junction area consid-
erably smaller than the total substrate area. Thermal analysis performed
at Hughes (see Section 3 - Thermal Analysis) showed that the diode thermal
performance was satisfactory with the proposed area. The smaller junction
area was selected by Heliotek to improve response time and leakage charac-
teristics while still achieving rated voltage drop at rated current.

Heliotek's first diodes were fabricated using both epitaxial and bulk N
substrates by the process shown in Figure 2-2. Neither substrate success-
fully produced diodes with satisfactory reverse characteristics, the devices
reaching 1 mA at voltages less than 30 volts.

Heliotek attributed this poor performance to charge neutrality bal-
ance in their oxide layer, and directed their efforts to achieving a satis-
factory balance.

As a backup, several devices were processed at Ampex, because
Ampex had an existing, diode process.

None of the devices processed at either Heliotek or Ampex showed
noticeable improvement.

Because of these continuing difficulties, Heliotek thought that they
might have better success with a mesa approach than with the planar approach
that they had been pursuing.

Heliotek therefore ordered and received tooling for mesa device
fabrication, and proceeded to fabricate devices with this tooling.

This process was similar in many respects to the basic approach that

they had been pursuing consisting of:

o Basic silicon solar cell material (N type)

o Oxide coat and etch window

a Boron diffuse (P diffusion)

o Phosphorous diffuse (N+ back contact)

o Metallization

8



'III
HELIOTEK PROCESS

SILICON WAFERS

T1  AG AL

cC PHOTO RESIST STRIP

CLEAN WAFERS EVAP METAL

MASK OXIDATION PHOTO RESIST

OPTIONAL
FLOW j

PHOTO RESIST FOR ETCH METAL

NON.EPIWAFERSI~ •*

ETCH OXIDE PHOTO RESIST STRIP

BC3  PHOTO RESIST SN~

STRIP

DIFFUSE CC MECHANISM
BORON

PH 3  OC ELECTRONICS WAFER SEPARATION

DIFFUSE FINAL ELECTRONICS
PHOSPHORUS TEST

PHOTO RESIST CC

ETCH CONTACTS
"SHIPPING

FIGURE 2-2. BLOCKING SOLAR CELL FLOW CHART - HELIOTEK PROCESS
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* FIGURE 2-3. JUNCTION CROSS SECTION
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In the recommended approach, after metallization, an additional
etching operation is performed to form a mesa junction, as 6pposed to the
planar junction previously supplied. As a final step, the mesa junction is
coated to prevent humidity and impurities from contaminating the junction.
Heliotek felt this approach offered a more timely solution to the leakage
problem. In previous efforts they had been unable to successfully pasmivate
the oxide layer over the junction periphery, which was causing high leakage
effects. It was concluded that the most straightforward solution to reducing
the leakage through the oxide layer was to remove this layer entirely, leav-
ing the bare junction. The problem and proposed solution is shown in
Figure 2-3.

To support the logic of switching to the mesa approach, Heliotek
fabricated six sample devices in that construction using rough tooling. These
devices were subjected to tests at Hughes to determine forward, reverse,
and reverse recovery time characteristics as a function of temperature. A
summary of the tests is presented below:

1) Forward Characteristics. All six devices exhibited satisfactory
forward characteristics of -- 1.0 volt at 3.0 amperes.

2) Reverse Recovery Time. All six devices exhibited a satisfactory
reverse recovery time of less than 3 psec (actual readings were
0. 5 pLsec).

3) Reverse Leakage Current. A wide variation in reverse leakage
current was recorded on the six devices. Initially, the leakage
current was measured on all six devices with the data as shown
"in Table 2-2.

The diodes then had leads soldered to them, were taped to a terminal
board, and placed in a temperature chamber. Forward and reverse charac-
teristics at 100%, 25%, 0%, and -Z4C were then taken. The leakage current
data as a function of temperature were found to be inconsistent. Diode 4
was very consistent; with leakage current at 100 volts, it never rose above

TABLE 2-2. REVERSE LEAKAGE CURRENT

Diode

1 2 3 4 6 6

"V V mA V mA V mA V mA V mA

20 100 PA 20 0.3 20 2.3 20 0.3 20 1.25 20 0.25
50 400 pA 50 0.9 65 5.0 50 1.0 50 3.5 50 0.55
80 1 mA 80 1.7 80 6.3 80 1.7 80 5.5 80 0.8

100 1.2 mA 100 1.9 100 7.5 100 2.1 100 7.0 100 0.95
118 2 mA 120 2.5 120 8.5 120 2.5 120 1.1 120 1.1

I -
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2.7 mA at all temperatures, and had leakage around 5 mA at 200 volts.
Other diodes, diode 6 for example, which had an excellent leakage character.
istic initially, would not support 50 volts during subsequent testing. The
reason for this large variation in performance could not be fully explained,
although it was postulated that the adhesive on the tape used to support the
diodes on the t,.-minal board could have softened during the 100*C test and
contaminated the junction by flowing through the thin porous layer of silicon
oxide which was being used to coat the junction. If this was what happened,
it could be prevented in the future by using a heavier silicon oxide layer and,
depending on the cover slide and cover slide adhesive, to provide additional
protection for the junction.

Although inconclusive, the results of the tests were sufficiently
encouraging to proceed with fabrication of larger lots of the mesa devices
using production tooling to determine their performance and yield. In pur-
suing this work, Heliotek fabricated over 200 devices without being able to
obtain consistent characteristics. The main problem still was inverse volt-
age, averaging about 10 to 15 mA leakage at 100 volts, not having normal
diode characteristics, and appearing to act like a 10 kilohm resistor shunt-
ing the junction.

In evaluating this effect, Heliotek examined many potential causes,
including the basic material itself, the oxide layer, the mesa etching
sequence and time, and the contact metallization. All of these factors
proved negative, although Heliotek felt that the problem might be due to
small pin holes of intrinsic material shunting the junction. This hypothesis
was based on the fact that Heliotek was able to produce devices with good
reverse characteristics by diffusing the P layer only (boron), and also by
diffusing in the P layer and the back N+ layer (phosphorous). However, in
these latter devices, when metalized, the inverse voltage performance
degenerated. In reviewing this data, Heliotek felt that the P junction dif-
fusion was too shallow. If this were the case, during the N+ diffusion, the
N+ material could find its way to the P region, perhaps through pin holes in
the protective oxide layer, neutralizing small areas in the junction. Tests
run by probing the P layer at one point might then show satisfactory inverse
characteristics prior to metalization.

However, after metalization, the metal layer could contact the pin
hole area, resulting ir. the shunting effect. There was evidence which followed
this sequence, namely: good inverse characteristics prior to metalization
and poor characteristics afterward. This could be caused by reasons other
than the above, but attempts to isolate the effect to other causes proved
unsuccessful.

If the poor inverse characteristic was due to insufficient junction
depth, it could be verified by testing diodes with a deeper diffusion. If the
P diffusion is of sufficient depth, it will not be neutralized by the N+ diffu-
sion, even if the oxide layer has pin holes. An experiment to evaluate a
deeper diffusion was performed.

P• • 12/



A number of devices were subjected to a long, high temperature
drive cycle (6 to 8 hours at 1150 C) which was to be followed by etching,
met.'lization, mesa etch,and N back contact deposition. This experiment
cCuld not be completed because the hard (lass surface formed during the
deep drive cycle could not be rcr, oved in order to contact the junction. No
further work was done on the N blank material after the conclusion of this
ex ae rimient.

In view of the problems described above, Heliotek initiated an alter-
nate design. This alternate design started with P material instead of the N
material utilized for all prior devices by Ileliotek.

The ori!•inal selection of the N material was based on the availability
of N type epitaxial material. This N material approach was retained, even
when it was decided to try bulk material crucible grown. There was no other
reason for preferring N bulk material in the design. Hehiotek's decision to
try the alternate path was based on availability of the P blank material used
for most of their solar cells and good prior experience with it. The initial
devices made with the P blank used 10 ohm-rcm resistivity and a 1 micron
N diffusion. The back surface was alloyed with aluminum to form a P+
back contact. Six of these devices were delivered to Hughes for testing.
Tests were done at room temperature only. Results are as follows:

Leakage
Device Number VF at 3 Amperes, V 50 V 100 V

1 0.52 < 0. 1 rnA 4 mA

2 1.24 <0. 1 mA 3 mA

3 0.52 8 mA 18 mA

4 1.44 <0. 1 mA 1.6 mA

5 1. 28 <0. 1 mA 16 mA

6 0. 6 <0. 1 mA 600 jLA

These results were considered encouragingi, and a number of additional
P blank experimen were performed as listed below:

Number Made Good VR at 1 mA

1. First run - 10 ohm-cm, 10 6 =70 V
1 micron diffusion

2. 2nd run - 30 ohm-rcm, 241 =18 =90 V
1. 5 micron diffusion

3. 3rd run - 20 ohm-cm, l 7 =100 V
6 micron diffusion

13
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TABLE 2-3. REVERSE VOLTAGE DATA - DELIVERED CELLS

Aluminum Contact Cells

SUnit Vr at 1 mA Vr at 5 mA

1 120 136
2 118 134
3 120 135
4 112 120
5 113 134
6 120 136
7 128 138
8 122 138
9 112 120

Ic 118 136
11 110 120
12 124 132
13 125 132
14 120 132
15 110 130
16 128 138
17 120 130
18 120 128
19 122 130
20 110 120
21 128 132
22 12t 132
23 112 130
24 110 120
25 112 128
26 112 130
27 115 132
28 116 124
29 120 130
30 122 130
31 120 130
32 100 110
33 110 120

Ti-Ag Contact Cells

Vr at I mA Vr at 3 mA

1 140 160
2 115 125
3 120 130
4 115 120
5 120 125
6 115 120
7 110 120
8 85 110
9 Sample

14
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It is felt to be significant that three successive runs resulted in a
good yield of devices with good diode characteristics. Although not shown in
the chart, forward drops were all approximately 1 volt at 3 amperes. The
one remaining development problem was improvement of the reverse voltage
characteristic. The reverse voltage performance is a function of the base
resistivity and the junction depth, although the back P+ diffusion may also be
a factor. The selected resistivity of 20 to 30 ohm-cm and 6 micron junction
depth should result in a reverse voltage rating in excess of 150 volts. One
reason that the diodes did not demonstrate this higher voltage performance
is that true 20 to 30 ohm-cm base material was not used. Although the
material used for run 3 was initially measured at 20 ohm-cm, its resistivity
was not stable when subjected to the diffusion drive temperature. It was felt
that the 20 ohir,-rcm had been achieved by the compensation effect of entrapped
oxygen rather than by basic doping level control. The heating process drove
out the compensating impurities, resulting in 10 ohm-cm material.

Based on the above assumptions that true 20 ohm-cm material would
result in satisfactory reverse voltage characteristics, Heliotek proceeded
to process the 42 deliverable evaluation devices.

The devices were processed in accordance with Heliotek Manufactur-
ing Control Document 021592, Appendix I. Interconnects %v-ere soldered or
welded to the diode, covers bonded and, after acceptance tes'ting, the com-
pleted assemblies were delivered to Hughes. Electrical data on delivered
devices and acceptance test samples are presented in Tables 2-3 and 2-4.

TABLE 2-4. FORWARD VOLTAGE ON
ACCEPTANCE TEST SAMPLES

Unit VF at 250C VF at 1000C

"Aluminum 2 A 0.30 A 2 A 0.30 A

1 0.850 0.700 0.750 0.600
2 0.860 0.710 0.760 0.600
3 0.860 0.700 0.760 0.600
4 0.850 0.700 0.750 0.600
6 0.8E0 0.700 0.750 0.600

6 0.850 0.710 0.750 0.600
7 0.840 0.710 0.740 0.600
7 0.840 0.700 0.740 0.600
9 0.850 0.700 0.750 0.600

10 0.840 0.700 0.740 0.600

15
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COVER SLIDE DEVELOPMENT

A cover slide is required to provide the diode assembly with the
appropriate thermal properties. A thermal analysis was performed (see
Secticn 3) to determine the required solar absorptance and emittance char-
acteristic. It was determined that the emittance property of 7940 quartz
was satisfactory thermally, and that a good thermally reflective surface,
such as aluminum, on the underside of the cover facing the sun would be
required. Figure 2-4 shows the proposed cover slide. Sample cover slides
were provided by KSW, OCLI, and Heliotek for screening tests. Although
both overcoated (dielectric) and non-overcoated covers were supplied, an
overcoat is essential to preserve the vapor deposited aluminum (VDA) char-
acteristics: i. e., for protection from oxidation as well as increased mech-
anical durability. The following screening tests were performed on the
sample cover slides.

1) Coupon Thermal Cycling. A total of 636 cycles from -300° to
+135 F. The coupon consisted of a two-ply silica cloth laminated
substrate material and solar cells bonded to the substrate with
RTV 3144 adhesive, and blocking solar cell covers bonded to the
cells with R-63489 (two specimens from each vendor with
VDA overcoat).

Results are shown in Fig-ire 2-5 (recognize the difficulty in
photographing second surface mirrors). The KSW VDA
delaminated during the test; OCLI and Heliotek passed.

2) Tape Peel per the following sequence (three.samples each
vendor, with and without VDA overcoat).

Tape eel. If specimens pass, samples are immersed in boiling
distilled water 4 to 6 minutes. After this, they are removed and
the tape peel test is repeated.

The results are presented in Figure 2-6. The KSW specimens
delaminated prior to boiling. Both OCLI and Heliotek passed
post-boiling water tape peel. The discoloration of the two
Hellotek samples without overcoat is due to oxidation discolor-
ation; no delamination occurred.

3) LN Thermal Shock (three samples each vendor, with and without
"VDA overcoat). The samples were dipped directly into LN2 ten
times.

Results are presented in Figure 2-7. The KSW sample with over-
coat delaminated during the first dip. All other samples passed.

4) a and f Measurements. Measurements were taken on two
samples from each vendor (with VDA overcoat). Since quartz is
the controlling E factor, measurement of F was made on one
sample only.

16
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Results of the measurements are presented in Figures 2-8 and
2-9, which showed spectral reflectance curves. Figure 2-8
shows averages of readings made on two samples from each of
the three manufacturers, and the data was used to compute s.
The data in Figure 2-9 was used to compute total normal
emittance (,E

The following comments summarize the comparison test data of
Table 2-5.

1) The values obtained for as are identical to within the accuracy
of our equipment (*0. 015), but the Heliotek samples seemed to
have a slightly lower as.

2) The value obtained for fTN is representative of a 7,940 quartz
surface of thickness greater than 3 mils.

3) The protective coating on the KSW samples was not uniform. It
appeared to have been applied by brush.

Based on the screening test results, suggested vendor sp.-ci~fications,
and Hughes standard VDA specifications, a blocking solar cell cover specifi-
cation and revieed drawing were produced. The two vendors who success-
fully passed the above tests; i. e. , OCLI and Heliotek, were asked to quote
for the total program cover buy. The development and production covers
were bought at one time in order to realize a co~st savings to the program.
OCLI was selected as the cover vendor basei on a lower cost proposal.

"4" TABLE 2-5. COMPARISON TEST SUMMARY

7940 Quartz
Thickness, Protective

Sample Manufacturer mils Coating '25 6TN
0-1 OCLI 8.5 Proprietary 0.11 0.81

0-2 OCLI 8.3 Proprietary 0.10
K-1 KSW 14.0 Silicone varnish 0.11 -

K-2 KSW 13.2 Silicone varnish 0.11 -

H-1 Heliotek 13.6 MgF2 0.10 -

H-2 Heliotek 14.7 MgF2 0.09 -
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"3. DIODE EVALUATION TEST PROGRAM

The purpose of the evaluation test program was to run preliminary
comparative tests on diodes from both vendors prior to selection of the
vendor for the production quantity of 400 devices. Since diodes were only
provided by one vendor, the comparative aspect of the evaluation test was
not required. However, the testing was still important in order to provide
an early assessment of diode performance and to uncover anomalies requir-
ing investigation prior to continuing with fabrication of the final 400 devices.
Tests were performed: in the following areas.

. Electrical characteristics

0 Thermal cycling

0 Weldability and solderability

* Radiation

Data from the electrical, thermal cycling, and weldability/solderability
evaluation tests were considered satisfactory. However, radiation evaluation
test results raised several questions which required additional development
prior to proceeding with fabrication of production diodes. The evaluation test
program is described in the remainder of this section.

ELECTRICAL TESTS

Twenty cells were electrically tested, including VF at 0. 3 and
3. 0 amperes at room temperature, VF at 3. 0 amperes at 195°F, VR at room
temperature, Trr at room temperature, and VR at room temperature follow-
ing the 195°F test. In the latter test it was observed that lower voltage
values were recorded after the 195°F exposure. The cause of this change
was not investigated at this time. It was decided to incorporate a heavier
silicon oxide coating in the next diodes to provide better protection from
potential sources of junction contamination. The electrical data is presented
in Tables 3-1 and 3-2.
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TABLE 3-1. BLOCKING DIODE ELECTRICAL EVALUATION TEST DATA

Diode VF VF VF IR

Interconnect Serial (0.3 AIF) (3.0 AIF) (3.0 AIF) (VR = 150) VR at Trr,
Type Number Ambient Ambient +195 0 F Ambient 1 mA psec

Mesh soldered 1 0.680 0.850 0.720 64 mA 184 2.80

2 0.670 0.820 0.726 - 124 2.60
4 0.680 0.820 0.726 - 130 2.60

Mesh soldered 5 0.680 0.800 0.713 - 130 2.60

Foil welded 28 0.670 - 128 1.40

1 0.670 - 136 1.60
11 0.670 0.798 0.711 - 122 2.20

27 0.670 0.822 0.755 - 120 1.80

20 0.680 0.793 0.725 - 120 2.80

6 0.670 - 125 0.80

7 0.670 - 132 1.40
4 0.680 0.797 0.714 - 125 2.60

31 0.670 - 130 1.20

23 0.690 - 125 1.80

15 0.680 - 125 1.80
22 0.670 50 mA 170 1.20

16 0.670 1 mA - 1.40

24 0.670 0.816 0.720 - 130 2.80

8 0.670 - 130 1.00
Foil welded 5 0.680 0.790 0.722 - 130 2.00

THERMAL ANALYSIS

Thermal analysis was performed to confirm the adequacy of the
I by 2 cm size and the planned front and back shielding to operate within
reliable temperature limits. This analysis takes into account cell thickness
(8 mils), diode area limitations (i. e., how much of the I by 2 cm blank must
be utilized for the diode junction), and adhesive area and thickness limita-
tions. Results of this analysis indicated that the 1 by 2 cm, 8 mil thick
design is acceptable, and that the junction area can be very small without
experiencing unacceptable temperature rise.

Figures 3-1 and 3-2 present parametrically the interrelationship of
internal power dissipation, required surface area for radiant heat rejection,
and temperature for the panel mounted diodes. Figures 3-la and 3-2a are
for synchronous orbit conditions, while Figutres 3-lb and 3-2b present
similar data for the subsolar point passage in a 200 n. mi. circular orbit.
Subsolar point passage at 200 n. mi. represents the hottest environmental
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TABLE 3-2. POST HIGH TUMPERATURE (+1950 F)
ELECTRICAL EVALUATION TESTS

Diode Decrease in VRInterconnect Serial V VR at after
Type Number (0.3 M IF) 1 mA 195°F Test

Mesh soldered 1 0.680 133 51
I 2 0.680 13: 5

4 0.680 120 11

Mesh ,3Idered 5 0.680 1".lC 10
Foil welded 28 0.670 117 11

1 0.670 124 12
11 0.670 110 12

27 0.670 108 12
20 0.680 112 8

6 0.670 125 0

7 0.670 122 10

4 0.680 118 7
31 0.670 124 6
23 0.690 112 13
15 0.680 118 7
22 0.670 136 34

16 0.670 132 18
24 0.670 118 12

8 0.670 122 8
Foil welded 5 0.680 119 11

conditions the diodes will experience. The assumed environmental
parameters are noted on each figure.

To generate the figures, a set of thermal radiative properties for
the diodes and substrate had to be assumed. A second surface mirror made
of aluminized quartz and bonded to the sun facing side of the diode, similar
to a cover slide, was assumed for the front thermal finish. This treatment
minimizes the solar loads (the prime environment heat source) on the diode.
The silica or glass cloth that is to be used as the array substrate was
assumed to back the diode. The solar absorptance (a) and the IR emittance
(t) used in the analysis for both the front and back sides are shown on each
figure. Other assumptions implicit in the analysis include: I) a diode-to-
substrate contact area greater than 80 percent of the diode surface area,
2) a negligible temperature gradient through the glass substrate, 3) radiant
energy rejection from both the front and back sides of the diode (i. e., two
times the diode surface area), and 4) no lateral fin away from the diode
edges to assist in rejecting the dissipated energy. This last assumption

27
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"i• adds some conservatism to the analysis, since it is apparent that some
amount of lateral fin will exist due to bus interconnects and the substrate.

The thermal analysis presented in Figures 3-1 and 3-2 determined
the bulk average temperature of a panel mounted diode as a function of
power dissination, radiating area, and orbital conditions (synchronous and
low earth). The bulk model approach provides mean temperature levels of
the cell, but gives no indication of temperature variations in the body.
Further sludy was required to determine the temperature distribution in the
cell assembly as a function of diode size, silicon wafer thickness, and bond
line thickness. Dimensions and configuration of the baseline cell assembly
are illustrated in Figure 3-3. A probable range of diode sizes was estab-
lished to be from 0. 1 by 0. 1 to 0. 6 by 0.2 inch; maximum bond line thick-
ness was estimated to be 0.01 inch.

The effects of diode size and wafer thickness on wafer AT were
1: determined with the following assumptions:

b 1) An inifinite thermal conductance across the silicon/quartz
and silicon/substrate interfaces

2) No environmental heat loads (earth, IR, albedo, direct solar)

3) The diode is square

The first two assumptions provide maximum T's (center to edge).
V, A secondary effect of assumption (2) is a lower than actual bulk temperature.

Figures 3-1 and 3-2 show bulk temperatures of 250"F (synchronous) and
2750 F (low earth) at 0. 4 wAtt dissipation, whereas the model assuming no
environmental heat loads predicts 2020 F at 0. 4 watt dissipation (orbit inde-
pendent). Assumption (3) was employed to eliminate the number of vari-
ables (length/widthi associated with a rectangular configuration.

Figure 3-4 presents the temperature distribution in the silicon

wafer with a 0. 4 watt dissipation. The figure shows distributions associ-
ated with a point source and with a 0. 1 inch square diode. The point source
analysis provides an upper bound on the center-to-edge temperature differ-
ence which is seen to be 180 F. This AT is reduced to 10 F with a heat
source distributed within a 0. 1 inch square. As mentioned previously, the

d assumptions employed in this analysis predict a bulk temperature of 2020 F.
The two sets of isotherms indicate the relationship of bulk temperature to
temperature distribution for the system under consideration.

to the To the first order, the center-to-edge AT is directly proportional

to the dissipation rate and inversely proportional to the wafer thickness.
Thus, for the point source configuration:

Center to edge AT 18½ I.0
0.4[ 0 o0
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Figure 3-5 was constructed from this relationship and the diode size
effects of Figure 3-4.

The Table in Figure 3-5 summarizes bulk temperatures _.s a function .
of diode dissipation. Comparison of the graph and table data show the wafer
ATs are relatively small compared to the bulk temperature.

Another area of investgation involved the determinatior of the effect I '
of bond line thickness on the diode temperature level. In view of the rela-

tively small ATs shown in Figures 3--4 aad 3-5, a bulk conduction model was
employed to establish the effect of bond litie thickness on diode temperature. ('

The model was based upon the assumptions: j'

1) Equal bond line thickness between the silicon/quartz and
silicon/substrate

2) The substrate and quartz are at the same temperature

3) The bonding material exhibits a thermal conductivity of
0. 1 BTU/hr-ft-OF, which is a typical value for silicones
and epoxies. K

For a 1. 0 watt dissipation rate, the following results were obtained:

Glue Thickness, in. AT (Diode-Substrate =Diode-Quartz), *F

0.001 0.9

0.005 3.6 1
0.010 7.0

0.020 14.0

These results are linear with respect to heat dissipation aiid glue thickness. -The AT's are seen to be small, thus indicating the validity of assumption (2).

It is concluded from these results that the bulk cell temperatures
presented in Figures 3-1 and 3-2 are indicative of the diode temperature.

For an 0. 1 by 0. 1 inch diode, an 0. 020 inch bond line, and 0. 4 watt
dissipation, the bulk temperature of the wafer will be 50 F above the cell
bulk temperature (Figures 3-1 and 3-2), and the diode temperature will be 7'F
above the wafer bulk temperature.
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THERMAL TESTS

Vacuum Tests

The object of this test was to determine the operational temperature
characteristics of the diodes mounted on various substrates and to compare
the results to the thermal analysis. Two diodes of each type were tested.

The first phase of the experiment consisted of measuring the forward
voltage of each diode at 0. 2 ' 0. 4, and 0. 6 ampere, and at a series of tem-
peratures from 100* to 280*F (in increments of ZO0F). The diode tempera- -

tures were set by placing the devices in an oven at the specified temperature
and pulsing the current through the devices for approximately 1 ins. The

1 percent to minimize heating.

To measure the forward voltage of these pulses, 'an oscilloscope was
used in a differential mode comparing the peak voltage of the current pulse
to a reference voltage set with a DVM. This technique allowed easy measure-
ment - .3 within ±2 mV.%; Thermal equilibrium within the chamber was
assumed when the temperature within the chamber, as measured with a
mercury bt'b thermometer, remained within Z*C for 10 minutes or more.
A series of temperature versus voltage calibration curves was then plotted
from this data.

The second phase of this experiment was conducted in a vacuum
chamber. Inside the chamber was an LN 2 cold wall shroud maintained at

-320* F and a 500 'Watt infrared tungsten lamp to radiatively cool and heat
the devices. The mechanical configuration of the components inside the
vacuum chamber is straightforward. The Phase 2 test procedure consisted
of measuring the forward voltage of '.he diodes at 0. 2, 0. 4, and 0. 6 ampere,
first with no illumination, next with a 70 percent relative maximum voltage
to the tungsten lamp, and finally with 85 percent relative maximum voltage
to the tungsten lamp. The 70 percent point corresponds to approximately I
400 watts radiated by the lamp, and 85 percent corresponds to approxi-
mately 500 watts radiated by the lamp.

Assuming a cylindrical radiation pattern, the incident energy at
12. 7 cm from the lamp should be approximately 400 mW/cm 2 . A I by
2 cm diode would then intercept approximately 800 niW. The substrate,
being about 4 by 4 cm,would intercept 6. 4 watts. Using an average absorp-
tivity over the test cou~on of 0. 1, the coupon would adsorb a power of
640 mW. The incident infrared energy for this experiment is considerably
higher thaa expected in space; however, the approximations used to deter-
mine this value would yield higher than actual values, and the coupon did
not contain working solar cells. The presence of working solar cells could
considerably alter the lo al substrate temperature.
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Previous experiments and predictions have been based on
absorption and radiation from an area the size of the diode only. Vhat is,
heat conduction along the lenrth or width of the substrate is not considered.
In 6o doing, the values predicted should be worst case conditions (assuming
a and (values used were actual measured values).

A comparison between theoretical and measured values can be drawn
by determining the rise in temperature per watt of dissipation and compar-
ing this value with the measured values. The 1 by 2 cm diodes have a single
side area of 0. 807 by 0. 409 inch = 0. 330 square inch. Figure 3-1 shows
that for a 0. 33 square inch diode, and a temperature rise of 100 F, an
internal power of 0. 22 watt can be dissipated. This is a 100' Ff0. 22 watt
,155°F/watt thermal impedance. Measured values obtained from the plotted
data are tabulated on Table 3-3.

It: is noted that the measured thermal impedance data are consistently
lower than the predicted, and that the thermal impedance under illumination
is lower than without illumination. This reduction in impedance results
from the T 4 dependence of radiation on temperature.

In conclusion, the measured thermal impedance values demonstrate
that the theoretical values are conservative worst case values. This is
probably due to thermal conduction along the substrate material, giving an
effectively larger radiating surface.

Thermal Cycling Test

A thermal cycle test consisting of 100 thermal cycles between - 185'
and +100°C were run on test coupons. These coupons consisted of three
silver-titanium contact diodes and three aluminum contact diodes. All of
'he diodes were bonded to a silica cloth substrate using RTV 3144. The
diodes were then cycled at the temperature shown above, each cycle con-
sisting of 0. 5 minute at the high temperature and 2 m'nutes at the low tem-
perature. No cracks or failures were directly attributed to the cycling.
There were two problems. A small crack was observed in one of the
soldered diodes; however, the crack was thought to have been present
initially. The crack did not grow during cycling. Furthermore, electri-
cally, the cracked diode performed normally. A second diode, which had a
high ( =200 volts) rating prior to bonding, had a low (=30 volts) rating after
bonding. This loss in voltage rating was of concern, but the cause was not
determined.

TA3LE 3-3. THERMAL IMPEDANCE (°F/Watt)

Volt Illumination, percent (500 W Lamp)

S/N 0 70 85

3 450 290 230

4 405 370 310
12 4,145 350 300
13 430 200 315
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4. RADIATION

Radiation effects testing in the Reverse Current Blocking Diode
program involved exposing the blocking diodes to radiation in four specific
phases, as follows:

1) Total ionizing dose exposure

2) Prompt dose exposure

3) Simulated fission spectrum electron exposure

4) Underground test

Total dose tests were conducted with the Hughes Aircraft cobalt-60
gamma source. Prompt dose tests were conducted using the Hughes linear
accelerator (LINAC) and the TREF Pulserad 1590 flash X-ray (FXR) machine.
Simulated fission spectrum electron testing utilized the Hughes LINAC.
Results of the testing are presented herein.

Total ionizing dose tests evaluated the effects of low dose rate gamma
radiation on diode parameters. The exposure in this test simulated the gradual
absorption of energy due to natural space radiation encountered by space
satellite systems. The test was conducted by exposing the diodes to gamma
radiation in controlled increments. Diode operating characteristics were
measured before, between, and after exposures to the gamma radiation.
Changes ia diode operating parameters indicated the existence of radiation
sensitivity.

Prompt dose testing involved exposure of the diodes to high dose g
rate radiation pulses. During exposure to the radiation pulses the diodes
were monitored to record photocurrent levels and storage time. Diode
operating parameters were measured before and after exposure to detect
the occurrence of permanent damage. This test simulated nuclear weapon
generated gamma pulses. Dose rates of varying levels were delivered by
"two radiation effects machines. Lower dose rate Bremsstrahlung (gamma)
radiation was obtained from the Hughes LINAC and higher dose rate
Bremsstrahlung was obtained from the TREF Pulserad 1590 FXR machine.
To fill in the midrange dose rate gap, the Hughes LINAC was operated
in the direct electron mode.
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FIGURE 4-1, REVERSE CURRENT BLOCKING DIODE
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Nuclear weapon generated fission spectrum electrons were simulated
by direct electron operation of the Hughes LINAC. Exposure in this test
was carried out at low dose rates which required multiple pulsing of the
LINAC to build up the required electron fluence. Diode parameters were
measured prior to and following exposure.

TOTAL IONIZING DOSE TEST z

Description of Test

, Nine blocking diodes were exposed in the total dose tests. These
diodes had a resistivity of 10 ohm-cm, and were part of the initial shipment
of evaluation diodes. Five of the diodes tested were fabricated with aluminum
tabs welded to the diode. The remaining four diodes had silver-titanium
tabs soldered to the diodes. All diodes were complete with cover glass.
The general procedure of this test involved measuring specific operating
parameters prior to and following each exposure to the cobalt-60 gamma
radiation.

The parameters selected for measurement were:

1) Forward voltage drop (VF) at forward currents of 0.3 and
2.0 amperes 7

2) Reverse voltage drop (VR) at reverse currents of 1.0 and
5.0 mA

3) Reverse current recovery time (trr)

Test circuits utilized in parameter measurements are presented in Fig-
ure 4-1.

"Test Results

Results of total ionizing dose testing are presented in Figures 4-2
and 4-3, and are discussed below:

1) VF - Minor changes were observed in this parameter,- as
shown in Figure 4-2a

2) VR - All diodes tested exhibited a tendency for VR to improve
(increase) as total dose was increased for accumulated dose
levels up to 107 rads (Si), as shown in Figure 4-2b. Further
exposure to cobalt-60 gamma seemed to cause VR to start
decreasing, as shown in Figure 4*-2b.

3) trr - Exposure to total ionizing dose tended to cause the
diode to become faster, as shown by the decrease in trr in
Figure 4-3. The change in trr was greater for welded tab
diodes than for diodes with soldered tabs. The reason for
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this difference in parameter variation is not understood.
but since the change represented parameter improvement,
this phenomena was not studied further.

PROMPT IONIZING DOSE TEST jLINAC)

Description of Test

Five diodes with welded aluminum tabs were exposed to LINA• gen-
erated Bremsstrahlung radiation pulses with 100 ns pulsewidth and 10 to
6 x 107 rads (Si)/second dose rate. These diodes were 10 ohm-cm cells,
part of the original evaluation units, and had not been subjected to any radia-
tion prior to exposure in this phase of the radiation effects test program.
The diodes were placed in a circuit in which reverse bias was applied. The
test circuit is presented in Figure 4-4. When irradiated in a reverse biased
condition, the diode conducts pulses of photocurrent generated by the radia-
tion pulse. The amplitude of the photocurrent pulse will be directly propor-
tional to the dose rate of the radiation pulse up to the point where the bulk
resistance of the diode or circuit impedance causes saturation of the circuit.
A current sampling resistor was utilized to enable recording the photo-
current pulse. The value of the sampling resistor was kept low to preclude
saturation due to circuit impedance. The general test procedure involved
measuring the three previously identified performance parameters prior to
exposure to the radiation pulse, recording the photocurrent pulse when the
diode was irradiated, and measuring the parameters again following the
exposure.

Test Results

LINAC test results are presented in Table 4-1 and Figure 4-5 and
discussed below:

1) VF and trr - No significant change was observed in these
parameters.

2) VR - The effects of LINAC Bremsstrahlung on VR are tabu-
lated in Table 4-1. The data indicates a slight increase in VR,
definitely no degradation in the parameter.

3) Photocurrent pulse amplitude demonstrated the linear relation-
ship known to exist between photocurrent and radiation pulse
dose rate.

PROMPT IONIZING DOSE TEST (FXR)

Description of Test

To extend the prompt dose testing to higher dose rate levels it was
necessary to utilize a higher fluence machine. The Pulserad 1590 FXR
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TABLE 4-1. LINAC AND FXR BREMSSTRAHLUNG EFFECTS ON
BLOCKING DIODE*

Dose Rate/Dose VR. V

Db c %7d I1R IA IR,5mA Ip, A ts,
Date Burst usec

January Initial - - - 132 151 -
16,17, Reading
18.1974 LINAC 107 to7 5. x 103 144 170 Figure 4-5 0

Three bursts 6 x 10

January FXR7924 2. 1 2.2 x 1010 1.4 x 103 7.2.x103 125 159 --

S2 2.6 x 1010  1.7x 103  
8.9 x 103  85 117 29 3.3

3 6.5 x 10 10  4.2 x 103  1.3 x 104  72 94 77 3.4
4 4.1 X 1011 26.8 x 103  4.0 x 10 4  63 79 95 5.5
5 4.7 x 1011 30.8 x 103 7.1 x 10 4  61 77 100 5.9

February Post-.
1974 - - - 59 73 1

a 10 ohm - cm cells
.?, Reds (Si)Isec. . Dose rate

"C 7, Reds (Si) - Dose this shot
dZ 7, Reds (Si) - Accumulated dose

machine located at TREF was used in the Bremsstrahlung mode of oper'tico-
to generate 65 ns radiation pulses with dose rates ranging from 2 x
5 x 1011 rads/sec. The five diodes irradiated in the LINAC test n7. -re sub-
jected to the FXR radiation environment. The diode circuit conizguration
was identical to that presented in Figure 4-4. Forward voltage, reverse
voltage, and reverse recovery time were the parameters measured to deter-
mine radiation induced degradation. The performance parameters were
measured prior to and following exposure to the FXR pulse. Photocurrent
responses were also recorded during the exposure.

Test Results

As this test progressed it became apparent that although the measured
photocurrent was greater than for the LINAC tests, the increase did not
display the linear relationship which is known to exist between photocurrent
magnitude and radiation pulse dose rate. This nonlinearity in photocurrent is
due to current limiting by the diode bulk resistance. The existence of current
limiting due to diode bulk resistance is further demonstrated by the presence
of photocurrent stage time for the FXR test. The results are presented in
Table 4-1 and Figure 4-5. Forward voltage and reverse recovery time did
not vary because of exposure to the FXR pulses; however, reverse voltage
showed definite degradation due to the FXR pulses. Table 4-1 shows how
the value of VR decreased with increased dose rate.

Initially it was suspected that the observed degradation of VR might
be caused by destructive heating due to high current density. This theory,
however, was essentially disproved by a lab test which revealed no degrada-
tion of VR, even after the diode had been subjected to ten consecutive
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200 ampere pulses. Further tests performed by Heliotek and reported in
program monthly reports have indicated that the mechanism of the observed
degradation is not due to destruc•.'vely high current density.

PROMPT IONIZING DOSE TEST (LINAC-ELECTRON)

Description of Test

Review of the FXR test results indicated that VR de radation became
significant for radiation pulse dose rates as low as 2 x 101&Urads/sec. When
the LINAC is operated in the direct electron mode, dose rates of 2 x 1010
can be achieved. Therefore, an extensive test program was undertaken to
determine what VR degradation was dependent upon and to evaluate new lots
of diodes. Objectives of each test are presented below:

1) Irradiate 10 ohm-cm diodes fiom evaluation units to
-. *termine dependency of VR degradation.

Z) Irradiate bare 10 ohm-cm diodes without tabs and glass cover
slide to determine if damage dependency is related to the tabs
o cover slide.

3) Irradiate 20 ohm-cm diodes to evaluate effect of increased
resistivity and junction capacitance.

4) Irradiate 15 ohrm-cm diodes.

5) Irradiate 3 ohm-cm diodes.

The diode circuit configuration in all cases was that shown in Fig-
ure 4-6. The values of Vcc and R were chosen to limit the photoc'qrrent
magnitude to desired levels, and instrumentation points were monitored to
determine voltage across the diode and to determine the amplitude and
time history of the photocurrent transient.

Test I Results

Initial tests using the LINAC revealed the same damage that was
observed in the FXR test. Responses observed during this test are shown
in Figure 4-7. The scope traces correspond to the test points of Figure 4-6.
The top trace (VC) is out of the field of view prior to the radiation exposure,
then, because of photocurrent flow, the value of VC changes to bring the
trace into the field of view. Figure 4-7 shows response for a constant
LINAC direct electron pulse. The relationship between photocurrent and
storage time is readily visible. A relatively consistent indicator of the
onset of VR degradation was provided by the manner in which the bottom
trace recovered; when the trace recovered with a single negative swing
(pulses I and 2), there was usually no VR degradation. Oscillating recovery
such as shown in pulses 3 and 4 usually accompanied degradation of the
value of VR.
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More detailed testing was set up to gain better definition of the
dependence of VR degradation upon the photocurrent transient. Three
10 ohm-cm diodes from the evaluation units and one standard axial lead diode
were irradiated in this test. The radiation pulse conditions in thL4 test were
1010 rads/sec dose rate, 1 gsec pulsewidth, and 104 rads dose. The follow-
ing information was recorded from the test:

1<• 1) Photocurrent (Is)

2) Photocurrent storage time (ts)

3) Voltage across diode (VD)
DI

These data were used to calculate the effective junction energy dissi-
pation to determine a coarse estimate of the stress placed upon the diode
junction. Results of this test are tabulated in Table 4-2 and plotted in
Figure 4-8a. The test demonstrated that VR degradation becomes significant
when junction energy dissipation exceeds 100 UJ.

Test 2 Resi'lts

The second test was set up to determine whether the VR degradation
was caused by the attachment method for the tabs and glass cover slide. A
group of bare diodes were obtained for these tests. These bare diodes had no
connecting tabs and no glass cover slides. Exposure of these diodes to the
LINAC direct electron beam was performed in the same manner as it was
for the complete diodes. Initial exposures of the bare diodes revealed that
the VR degradation was not related to tab or cover slide attachment. The
test was continued to determine the effect of dose rate upon VR degradation.
Results of this continued testing are presented in Figure 4-8a. The curves
in Figure 4-8b show how the damage increases when the radiation pulse dose
rate exceeds 1010 rads/sec.

Test 3 Results

twotoAlthough the diode damage dependence had been identified in the first
two tests, the actual mechanism of the damage remained undefined. Test 3
was to determine what effect diode junction capacitance had upon VR degra-
dation. This test was conducted on 15 n;_--cm diodes on which precilse pre-
radiation junction capacitance measurements were made at Heliotek. After
exposing and damaging the diodes they were returned to Heliotek for post-
radiation junction capacitance measurements.

Prior to conducting this test a set of circuit conditions representingj• the HASPS application were determined and presented in program monthly
report No. 13. The conditions consisted of VCC = 25 volts and R = 0.5 ohm,
which results in a maximum photocurrent of approximately 45 amperes.
Tests conducted after this point used these conditions.
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TABLE 4-2. LINAC DIRECT ELECTRON EFFECTS UPON
DIODE REVERSE VOLTAGE DROPa

(Test date: 2-28-74)

VR (V) VD b
Device ts E DE
No. IRPmA IA sec V J

21 (welded) 138 Pr burst
135 8.0 I 9.8 0.4 31.4

134 14.5 8.0 0.5 58.0
91 13.5 6.6 1.8 160.0
79 23.0 5.1 3.7 434.0
81 180.0 3.8 17.0 5.168

25 (welded) 123 r

117 8.0 9.7 0.3 23.3
108 14.0 7.8 1.2 131.0
56 26.0 6.6 0.9 154.4

IN5198 187 &!burst
(control) 182 24.0 2.5 1.1 66.0

180 44.0 2.0 2.4 211.2
183 145.0 1.2 14.5 2,523

5 (soldered) 151 Preburt
153 8.5 10.0 0.05 4.3
156 15.0 8.4 0.5 63.0
150 24.0 6.8 0.6 97.9
88 46.0 5.2 0.9 215.2

a10 ohm-cm cells

Radiation pulse remrged constant
I x 104 rads; I x 10 rads/sec; I psec

p Dts

Results of this test revealed that these diodes were significantly
harder than the diodes tested in tests 1 and 2. Table 4-3 presents results
of the test. General results of the Heliotek capacity measurements were
inconclusive, as presented in program monthly report No. 15.

Test 4 Results

The next set of diodes tested were 20 ohm-cm devices. These diodes.
although they started with excellent VR values prior to irradiation, responded
erratically to exposure. Test results are presented in Table 4-4. The erratic
behavior of these diodes is readily demonstrated by device 406 which did not
degrade after five 45 ampere photocurrent pulses, and device 408 which
failed completely after one 45 ampere pule. This test indicated that the
higher resistivity diodes were as sensitive as others to the damage mechanism. }
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TABLE 4-3. LINAC DIRECT ELECTRON EFFECTS ON
DIODE REVERSE VOLTAGE a

LINAC Reverse Voltage
Bias Pulse

Test Serial Duration 0.2 mA, 1.0 mA,
Data Number Voltage Current psec V V Comment

15 Mar 1 - - - 220 240 Initial reading
1 25.0 11.5 5 165 217
1 25.0 25.0 5 164 211
1 25.0 46.0 5 139 179

5 Apr. 1 - - - 145 196 Initial reading
1 - - 1 144 196 Unbiased
1 - - 1 143 202 Unbiased
1 25.0 45.0 1 145 204
1 25.0 45.0 1 148 202

15 Mar 2 - - - 160 175 Initial reading
2 - - 5 144 168 Unbiased
2 - - 5 141 165 Unbiased
2 - - 5 140 163 Unbiased
2 25.0 11.5 5 141 162
2 25.0 25.0 5 141 163
2 25.0 45.0 5 106 157
2 25.0 45.0 5 131 161
2 25.0 45.0 5 95 157

5Apr 2 - - - 103 175 Initial reading
2 25.0 45.0 1 106 166
2 25.0 45.0 1 103 158
2 25.0 45.0 1 101 147
2 25.0 45.0 1 90 144

5 Apr 11 - - 1 154 166 Initial reading
11 - - 1 149 159 Unbiased
11 - - 1 146 160 Unbiased
11 25.0 45.0 1 145 159
11 25.0 45.0 1 146 160
11 - - 5 144 157 Unbiased
11 - - 5 144 157 Unbiased
11 25.0 45.0 5 144 159 .

11 25.0 45.0 5 145 160
11 37.5 62.0 5 144 159
11 37.5 62.0 5 146 160
11 50.0 90.0 5 100 138

5 Apr 14 - - - 183 199 Initial reading
14 - - 1 193 175 Unbiased
14 - - 1 195 177 Unbiased
14 25.0 45.0 1 199 180
14 25.0 45.0 1 197 180

a15 ohm-cm cells with heavy silicon oxide layer over junction.

Test 5 Results

The last set of diodes exposed at the LINAC were 3 ohm-cm devices.
These diodes started with low values of VR and exhibited little sensitivity
to irradiation. These results are presented in Table 4-5. For the condition
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TABLE 4-4. LINAC DIFIECT ELECTRON EFFECTS ON
20 OHM-CM DIODESI
(Test date 8 May 74)

Bias VA. V

Device Voltage, Current,
No. V A 0.2 mA 1.0 mA Comments

401 - 246 255 Initial reading
- - 245 256 Unbiased
- - 242 256 Unbiased

S25 >100 77 105

"402 - - 242 248 Initial reading
- - 242 253 Unbiased
- - 235 250 Unbiased
25 45 100 187
25 45 47 104

404 - 218 257 Initial reading
- - 216 257 Unbiased
25 46 213 254
25 46 217 254
37.5 70 214 254
50 90 205 242

S25 120 91 137

405 - - 157 206 Initial reading
.25 -45 69 120 Five pulses

"406 - - 242 248 Initial reading
25 -45 239 248 Five pulses

407 - - 221 247 Initial reading
- - 118 224 Unbiased
- - 116 227 Unbiased
25 45 101 214
25 45 100 203
37.5 65 96 136

408 - - 123 250 Initial reading.
25 45 Diode shorted

on recovery
from photo-
current pulse.

representing the HASPS application,these diodes showed negligible damage.
However, the VR level was lower than considered acceptable for use.

FISSION SPECTRUM ELECTRON TEST

Description of Test

The fission spectrum electron test was conducted using the LINAC
in the direct electron mode of operation. The diodes were exposed to the

direct electrons at levels low enough to keep the absorbed energy to dose
rates lower than the minimum dose rates previously observed to cause diode
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TABLE 4-5. LINAC DIRECT ELECTRON EFFECTS ON DIODES
(Test date 6 May 74)

Bias VR V

Device Voltage, Current,
No. V A 0.2 mA 1.0 mA Comments

301 - 43 69 Initial reading
25 45 45 67 Five pulses

305 - - 87 88 Initial reading
- - 87 88 Unbiased
- - 87 88 Unbiased
25 45 87 88
25 45 87 88
37.5 64 67 87
37.5 64 76 87
50 95 78 87
50 95 56 83

1 25 120 40 47

306 - - 85 9I. Initial reading
- - 84 88 Unbiased
- - 84 88 Unbiased
25 45 82 86
25 45 83 87
37.5 65 82 87
o50 80 53 68

307 - - 87 88 Initial reading
- - 86 88 Unbiased
25 45 84 88
25 45 84 88
37.5 65 84 88/
50 90 78 87
25 120 83 87

damage. The diodes were exposed while in the unbiased condition. The
required fission spectrum electron fluence of 1014 electrons/cm2 was equated
to 1.51 x 1013 10 MeV electrons/cm2 through the use of the Monte Carlo
electron transport program BETA 11.

Test Results

To attain the required effective 3 x 1015 e/cm2 (fission spectrum)
at a low dose rate from the LINAC (10 MeV electrons), it was decided to
expose the diodes to approximately 28, 000 1-•sec wide electron pulses. Final
results of VR measurements after'exposure to the required electron fluence
showed no degradation.
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IR SCANNER TEST

Description of Test

A test was set up to determine if localized junction damage was the
cause of the observed VR degradation. Such damage would be detectable
as a localized region of high heat dissipation at the damage when current is
forced through a damaged diode under test. An infrared sensitive camera
was used to scan the surface of the diode, especially in the vicinity of the
p/n junction, to detect any hot spots that may have been present.

Test Results

The test results were inconclusive in that no definite hot spots were
observed within the diodes. However, the test did reveal that the edges of
the diodes perpendicular to the diode junction consistently ran hotter than
the rest of the diode, Problems due to insufficiently accurate control of the
Ecanner as it searched the diode surface prevented achieving the test
objective.

UNDERGROUND TEST

The blocking diodes were attached in pairs to Z. 5 by 2. 5 cmn mounts,
one with welded interconnects and one with soldered interconnects.
Tables 4-6 and 4-7 show the test sample exposure levels and the sample
matrix. The total test is reported in UGT No. 3 Test Report, Jan 1975,
prepared for AF Aero Propulsion Laboratory, Wright- Patterson AFB. The
diodes were coded ars shown below.

1T W H D-Z W /3 S

Exposure fluence level T
Specimen temperature atJ
exposure (W = room
temperature; C =-115 C)

Hughes Aircraft Company

Specimen type (D = diode;
C = solar cell; S = rnulti-Z
shielding laminate; B = fused
silica cloth substrate)

Previous diode irradiation
test number (Co6O test)

Interconnect attachment
(W welded; S =soldered)
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All samples incorporated in ihib test were previously irradiated at
the Hughes LINAC or TREF 1590 FXR in a study of junction power dissipa' on
capabilitie s.

Test Results

As anticipated, the soldered blocking diodes were destroyed through
thermomechanical effects. The aluminum, welded technology diodes appeared
to have suffered no damage, remaining intact throughout the test. i
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5. PRODUCTION DIODE

DESCRIPTION

The blocking solar cells were fabricated to the following drawing and
specification list (see Appendices B and C).

258665 Blocking Solar Cell, Covered

X3354450 Cover Slide, Blocking Solar Cell

X3286385-1 Blocking Solar Cell

258162 Strip, Interconnection

PS 30964-028 Product Spec., Blocking Solar
Cell, Covered

XPS 31456-001 Product Spec., Solar Cell, Aluminum
Contact

PS 30660-080 Product Spec., Solar Cell, Bar Con-

tact, Titanium-Silver Contact

PS 30964-025 Product Spec., Cover Slide

258666 Blocking Solar Cell, Covered

X3354450 Covet Slide, Blocking Solar Cell

X3286385-2 blocking Solar Cell

3205755-1 Strip, Positive End, Solar Cell

PS 30964-028 Product Spec., Blocking Solar Cell,
Covered
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PERFORMANCE

"Production cells were tested for voltage drop, reverse current,
and reverse voltage In accordance with TS 30964-026 "System Specification,
Qualification and Environmental Test" (Appendix B). These functional tests
were conducted on the cells as they were received, and also following
burn-in or other tests.

Diode Voltage Drop Test

Purpose

This test was designed to measure the voltage in the forward direc-
tion across the device under specified conditions.

Procedure

Using a Tektronix 575 curve tracer, the current sweep was adjusted
to obtain forward currents of 0. 3 and 3. 0 amperes. The forward voltage
was read at these specified values of the current. The temperature was
held at 250 *2*C. Maximum acceptable voltage readings were:

0. 8 volt at 0. 3 Lmpere

1. 2 volt at 3. 0 amperes

Results

The voltage readings are recorded in Tables 5-1 and 5-2.
Table 5- 1 gives voltage drop readings and reverse current and voltage
readings for all the cells before and after 48 hour burn-in. Cells are listed
by lot number, serial number, and type (welded or soldered). Table 5-2
gives this same data for the celd• which completed the 168 hour burn-in.

Reverse Current and Reverse Voltage Test

Purpose

This test was designed to measure the voltage and current in the
reverse direction through the diode.

Procedure

Using a Tektronix 575 curve tracer, the voltage sweep was adjusted
to obtain reverse voltages of 80, 120, and 140 volts. The reverse current
was read at these voltages and recorded. Maximum acceptable currents
were:

0. 1 mA at 80 volts
0. 2 mA at 120 volts
1.0 mA at 140 volts
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TABLE 5-1. VOLTAGE DROP AND REVERSE CURRENT AND VOLTAGE READING

(48 Hour Burn-in)

Vf at 0.3 A Vf at 3A I Rat 8 0V I at 20V IR atl140V
Diode Lot Serial
Type No. NW Pre Post Pre Post Pre Post Pre Post Pre Post

Soldered 653 2 0.64 0.65 0.85 0.86 0.01 0.015 0.015 0.015 0.015 0.015
3 0.67 0.67' 1.02 1.02 0.01 0.01 0.01 0.01 0.01 (J.01
4 0.65 0.65 0.88 0.88 0.025 0.03 0.1 0.22 0.1 0.15
5 0.69 0.69 0.96 0.96 0.001 0.01 0.01 0.01 0.01 0.02
7 0.64 0.64 0.9 0.84 0.13 0.16 0.16 0.2 0.18 0.32
8 0.65 0.66 0.88 0.88 0.005 0.01 0.05 0.08 0.07 0.14
9 0.65 0.64 0.87 0.88 0.02 0.04 0.025 0.04 0.025 0.05

10 0.66 0.66 0.92 0.92 0.01 0.01 0.01 0.01 0.015 0.015
11 0.67 0.66 0.92 0.9 0.005 0.1 0.05 0.4 0.6 0.5
13 0.66 0.66 0.9 0.89 0.005 0.005 0.01 0.005 0.01 0.005
14 0.66 0.65 0.89 0.89 0.005 0.005 0.005 0.005 0.005 0.005
15 0.64 0.64 0.89 0.88 0.001 0.001 0.001 0.005 0.005 0.01
16 0.65 0.65 0.88 0.88 0.01 0.01 0.01 0.01 0.01 0.01
17 0.65 0.65 0.83 0.88 0.025 0.05 nl.03 0.06 0.03 0.06
10 0.73 0.73 0.97 0.98 0.02 0.02 0.02 0.02 0.02 0.02
19 0.65 0.65 0.92 0.94 0.01 0.01 0.1 0.03 0.3 0.15
20 0.67 0.67 0.96 0.97 0.03 0.03 0.2 0.18 0.4 0.5
24 0.65 0.65 0.87 0.86 0.02 0.025 0.02 0.025 0.02 0.025
25 0.68 0.67 0.99 0.98 0.1 0.4 0.4 0.8 0.7 1.0 at

132 V
26 0.65 0.61 0.91 0.88 0.01 0.025 0.18 0.2 0.9 at 0.9 at

136 V 136 V
37 0.66 J.66 0.98 0.92 0.005 0.005 0.1 10.05 0.8 0.25
41 0.66 0.66 0.86 0.86 0.005 0.005 0.005 0.005 0.005 0.005
46 0.66 0.66 0.94 0.94 0.025 0.07 0.2 0.4 0.4 0.6
47 0.68 0.69 0.89 0.9 0.02 0 f11 0.03 0.03 0.05 0.05
51 0.65 0.64 10.91 0A 0.14 C.ý;/ 0.2 0.16 0.24 0.3
52 0.64 0.67 0.86 0.94 0.01 0.02 0.02 0.09 0.1 0.12
53 0.66 0.66 0.96 0.97 0.01 0.015 0.01 0.015 0.01 0.015
55 0.7 0.7 0.92 0.92 0.001 0.01 0.02 0.01 0.2 0.38
56 0.65 0.65 0.87 0.88 0.02 0.015 0.04 0.03 0.1 0.18
57 0.68 0.68 0.88 0.88 0.01 0.01 0.01 0.05 0.01 0.07
59 0.71 0.69 1.0 0.98 0.05 0.01 0.18 0.08 0.4 0.2
61 0.65 0.65 0.92 0.92 0.01 0.01 0.02 0.03 0.08 0.08
62 0.66 0.66 0.91 0.91 0.03 0.04 0.03 0.04 0.03 0.04
64 0.68 0.68 0.92 0.91 0.03 0.03 0.04 0.03 0.04 0.03

Soldered 653 42 0.63 0.65 0.86 0.94 0.04 0.03 0.1 0.14 0.1 J .18
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Table 5-1 (conti;- -d)

Vf at 0.3 A Vf at 3A I a80V IR at 12 0V IR at14 0 V
Diode L-ot Serial
Type No. No. Pre Post Pre Post Pre Post Pre Post Pre Post

Soldered 655 1 0.66 0.67 0.96 0.95 0.01 0.01 0.01 0.01 0.07 0.07
2 0.69 0.68 0.9 0.88 0.01 0.01 0.01 0.01 0.01 0.01
.5 0.67 0.67 1.02 1.02 0.02 0.01 0.03 0.03 0*0.04 0.04
6 0.7 0.7 't.0 1.0 0.01 0.02 0.025 0.05 0.02 0.08
7 0.79 0.79 1.14 1.14 0.01 0.001 0.01 0.001 0.03 0.04

10 0.64 0.65 0.92 0.92 0.01 0.01 0.1 0.04, 0.7 0.7
12 0.69 0.7 1.08 1.08 0.05 0.03 0.18 0.3 0.3 0.5
13 0.66 0.66 0.87 0.86 0.01 0.01 0.01 0.01 10.01 0.01
15 0.68 0.68 1.08 1.08 0.01 0.01 0.015 0.01 0.015 0.01

20 0.64 0.64 0.86 10.84 0.01 0.01 0.023 0.01 0.03 0.031
217 0.72 0.73 1.16 1.16 0.01 0.01 0.01 '0.01 0.015 0.01 -

22 0.71 0.72 0.92 0.91 0.01 0.01 0.015 0.01 0.01 0.01
Sodre955 2 0.66 0.674 0.97 0.96 0.01 0.01 0.01 0.01 0.01 0.015
Wed26 0 1 0.72 0.74 1.04 0.91 0.015 0.015 0.04 0.06 0.05 0.07

21 0.76 0.75 1.14 1.06 0.01 0.005 0.03 0.01 0.05 0.03
22 0.71 0.68 0.94 0.91 0.01 0.015 0.02 0.03 0.03 0.03

Sodrd650 18 0.68 0.67 0.94 0.96 0.015 0.01 0.06 0.03 0.11 0.08

Wedd 648 14 0.69 0.7 10.9 0.94 0.045 0.045 0.06 0.07 10.15 0.11I 12 0.72 0.75 1.02 10.9 0.06 0.30 0.13 0.31 0.18 0.035
36 0.68 0.69 0.94 0.94 0.01 0.015 0.01 0.01 0.01 0.015
45 1 0.73 0.671 1.04 0.96 0.025 0.03 0.025 0.045 0.03 0.06

648 5 0.73 0.72 1.94 1.02 0.01 0.01 0.02 0.02' 0.02 0.025
24 0.66 0.65 10.9 0.88 0.03 0.05 0.06 0.09 0.07 0.14
3 0.72 0.71 1.04 0.97 0.015 0.01 0.025 0.015 0.025 0.025
4 0.63 0.64 10.8 0.96 0.06 0.055 0.12 0.14 0.23 0.26
64 0.63 0.65 10.4 10.8 0.07 0.06 0.08 0.07 0.11 0.095
74 0.67 0.65 0.96 0.86 0.015 0.005 0.025 0.01 0.05 0.025
8 0.66 0.66 1.04 0.97 0.075 0.06 0.185 0.012 0.05 0.02
9 0.67 0.65 1.04 0.93 0.46 0.058 0.45 0.65 0.5 0.7

710 0.67 0.63 1.16 0.93 0.035 0.035 0.035 0.04 0.04 0.025
11 0.69 0.64 1.16 0.97 0.16 0.261 0.18 0.124 0.22 0.27

12 0.66 0.64 1.2 0.93 0.05 0.06 0.065 0.08 10.075 0.09
13 0.68 0.64 1.18 0.91 0.01 0.025 0.03 0.03 0.03 0.035

Welded 646 14 0.66 0.64 1.18 0.93 0.06 0.06 0.08 0.12 0.14 0.18
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Table 5-1 (continued)

Vfa03 Vf at 3A IR at 80V lRtlO IRalO
Diode Lot Serial - ____ - - ___

Type No. No. Prej Post Pre Post Pre Post Pre Post Pre Post

Welded 646 15 0.67 0.65 1.C4 0.87 0.01 0.015 0.03 0.025 0.15 0.05
16 0.63 0.64 0.93 0.97 0.03 004 0.035 0.045 0.035 0.05
17 10.64 0.635 0.9 0.9 0.3 0.24 0.5 0.42 0.65 0.5
18 0.63 0.64 0.86 0.87 0.015 0.04 0.03 0.06 0.04 0.08
19 0.77 0.76 1.06 1.04 0.02 0.03 0.03 0.045 0.04 0.065
20 0.64 0.64 0.88 0.88 0.01 0.02 0.015 0.025 0.02 0.035
21 0.64 0.64 0.86 0.89 0.1 0.13 0.12 0.18 0.18 0.22
22 0.64 0.86 0.92 0.93 0.01 0.01 0.02 0.015 0.02 0.02
23 10.65 0.65 0.88 0.97 0.045 0.045 0.06 0.13 0.08 0.105
24 0.65 0.65 0.95 0.96 0.03 0.03 0.04 0.05 0.05 0.06
25 0.64 0.63 0.85 0.85 0.005 0.015 0.01 0.06 0.015 0.065
26 0.64 0.64 0.84 0.89 0.09 0.11 0.12 0.16 0.14 0.18

r27 0.66 0.66 0.86 0.88 0.04 0.12 0.05 0.13 0.08 0.14
646 28 0.69 0.69 0.89 0.91 10.015 0.02 0.04 1.03 0.06 0.05
660 6 10.6-3 0.69 0.99 1.04 0.04 0.04 0.05 0.06 0.06 0.075

10 068 0.68 1.02 1.0 0.09 0.07 0.1 0.12 0.1 0.18
11 0.66 0.68 0.98 1.06 0.11 0.15 0.14 0.2 0.16 0.28
12 0.67 0.68 0.97 1.06 0.04 0.07 0.05 0.08 0.06 0.1
13 0.67 0.67 1.02 0.96 0.01 0.025 0.025 0.06 0.05 0.15
14 0.A8 0.68 1.02 0.97 0.005 0.02 0.02 0.06 0.03 0.11

15 .66 0.67 1.0 1.0 0.01 0.015 0.02 00 .4 00
17 0.67 0.66 1.04 0.96 0.02 0.02 0.04 0.05 0.04 0.1
18 0.67 0.68 1.04 1.04 0.06 0.05 0.1 0.1 0.2 0.2
19 0.69 0.70 1.02 1.16 0.025 0.03 0.04 0.015 0.05 0.07
20 0.70 0.71 1.1 1.08 0.25 0.16 0.25 0.18 0.25 0.2
21 10.68 0.69 1.04 0.,97 0.*02 0.025 0.05 0.12 0.08 0.24
23 0.66 0.67 1.02 0.98 0.03 0.03 0.04 0.06 0.07 0.08
25 0.68 0.68 1.08J 1.02 0.01 0.05 0.02 0.1 0.03 0.18
26 0.69 0.68 1.2 0.99 0.04 0.04 0.07 0.08 0.1 0.11
32 0.68 0.68 1.1 1.08 0.02 0.02 0.04 0.05 0.2 0.1
33 0.66 0.66 0.96 0.98 0.01 0.dJ15 0.02 0.03 0.04 0.04
34 0.67 0.68 0.97 1.12 0.005 0.01 0.01 0.01 0.01 0.015
36 0.68 0.67 1.08 1.04 0.02 0.03 0.03 0.07 0.045 0.12
37 0.70 0.71 1.14 1.12 0.09 0.07 0.14 0.18 0.18 0.18
39 0.68 0.68 1.06 0.96 0.015 0.02 0.03 0.04 0.04 0.06
40 0.69 0.67 1.08 0.99 0.015 0.04 0.02 0.05 0.03 0.06
42 0.67 0.70 0.98 1.24 0.06 0.1 0.12 0.16 0.14 0.2

43 0.67 0.68 1.04 1.04 0.005 0.01 0.02 0.C2 0.04 0.04
Welded 660 44 0.68 0.69 1.06 1.06 0.045 0.06 0.1 10.14 10.2 0.18
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Table 5-1 (continued)

Vf at 0.3 A Vfat3 A IR at 8OV IR at 120V IR at 140 VDiode Lot Serial"

Type No. No. Pre Post Pre Post Pre Post Pre Post Pre Post

Welded 660 45 0.66 0.66 0.99 0.97 0.1 0.15 0.2 0.5 0.4 0.8
46 0.66 0.67 1.02 1.0 0.03 0.05 0.09 0.1 0.12 0.12

47 0.66 0.67 1.0 0.94 0.025 0.04 0.07 0.1 0.12 0.5

49 0.67 0.67 1.0 0.99 0.03 0.07 0.06 0.14 0.08 0.18
50 0.67 0.68 1.02 1.04 0.C4 0.12 0.08 O.le 0.12 0.24

660 51 2.66 0.67 0.99 0.99 0.015 0.015 0.02 0.025 0.025 203
668 1 0.77 0.77 1.18 1.2 0.02 0.03 0.03 0.04 0.04 0.05

3 0.77 0.76 1.18 1.06 0.05 0.05 0.06 0.08 0.12 0.22
4 0.76 0.76 1.12 1.2 0.02 0.04 0.035. 0.1 C 055 0.8

7 0.77 0.76 1.24 1.18 0.03 0.03 0.05 0.08 0.0.3 0.13
668 8 0.77 0.77 1.1 1.04 0.015 0.02 0.06 0.1 0.12 0.22
661 1 0.68 0.68 1.08 1.04 0.005 0.01 0.01 0.01 0.C1 0.015

2 0.66 0.66 0.96 1.0 0.04 0.06 0.1 0.12 0.13 0.16
4 0.66 0.66 0.92 0.89 0.005 0.01 0.01 0.01 0.01 0.01
6 0.60 0.79 1.18 1.08 0.075 0.05 G.z 0.2 0.3 0.25

661 10 0.67 0.68 0.97 1.04 0.04 0.04 0.0" 0.06 0.11 0.08

670 1 0.66 0.66 0.97 0.95 0.03 0.04 0.06 0.06 0.075 0.06
2 0.72 0.72 1.04 1.04 0.025 0.02 0.05 0.05 0.08 0.07
4 0.71 0.71 1.18 1.18 0.025 0.02 0.06 0.05 0.08 0.07
5 0.66 0.66 1.0 0.98 0.05 0.03 0.08 0.05 0.09 0.06

670 7 0.65 0.65 0.92 0.94 0.025 0.035 0.03 0.045 0.035 0.06
672 1 0.65 0.66 1.0 1.0 0.03 0.02 0.1 0.06 0.2 0.12

3 0.68 0.67 1.14 1.02 0.015 0.015 0.04 0.03 0.1 0.05
4 0.68 0.70 1.02 1.12 0.15 0.04 0.23 0.06 0.3 0.1

1 5 0.69 0.67 1.2 1.06 0.07 0.015 0.19 0.03 0.25 0.07

672 6 0.71 0.72 1.08 1.08 0.025 0.02 0.03 0.03 0.04 0.04

669 1 0.66 0.68i 1.0 i.0 0.08 0.17 0.11 0.2 0.14 0.23
2 0.67 0.68 0.95 1.1 0.04 0.045 0.09 0.12 0.25 0.2

3 0.66 0.66 1.0 0.98 0.025 0.025 0.03 0.025 0.035 0.04

4 0.69 0.69 1.06 1.1 0.035 0.025 0.045 0.03 0.05 0.03
5 0.65 0.65 0.96 1.0 0.06 0.02 0.11 0.12 0.17 0.2
6 0.66 0.66 1.02 0.90 0.035 0.025 0.075 0.05 0.11 0.14
9 0.66 0.66 0.94 0.92 0.015 0.03 0.02 O.U4 0.025 0.08

10 0.66 0.66 1.06 0.96 0.03 0.04 0.06 0.1 0.1 0.15
1 1 0.67 0.67 0.97 0.95 0.05 0.025 0.055 003 0.06 0.03

Welded 669 1 0.67 0.6d 1.02 1.04 0.05 0.04 0.06 0.045 0.07 0.05
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Table 5-1 (continued

fVfat 0.3 A at3A IR atS0V I R at 120V IRat 140V

Diode Lot Serial

Type No. No. Pre Post Pre Post Pre Polt Pre Post Pre Pot

Welded 671 3 0.71 0.67 1.24 1.12 0.015 0.01 0.025 0.02 0.,3 0.03

5 0;72 0.71 1.23 1.16 0.01 0.01 0.02 0.02 C.03 0.025

6 0.66 01.66 1.02 1.02 0.02 0.005 0.04 0.01 105 0.01

"7 0.65 0.65 1.0 0.00 J.01 0.02 0.015 0.04 0.02 0.03

8 0.65 0.64 0.95 0.93 0.01 0.005 0.01 0.01 0,015 0.01

10 0.63 G.-38 1.26 1.16 0.03 0.01 j0.35 0.02 0.03 0.0%

11 0.66 0.65 1.04 0.04 0.005 0.005 0.01 3.005 0.015 0.005

12 0.63 0.71 1.18 1.2 0.005 0.005 0.0C5 0.01 0.01 0.015

671 13 0.66 0.66 1.02 0.91 0.02 0.015 0.03 0.02 0.04 0.0:

667 4 0.74 0.74 1.04 0.97 0.003 0.005 0.015 0.015 0.02 0.025

5 0.74 0.74 1.2 1.12 0.04 0.08 0.03 0.17 0.11 0.2

7 0.78 0.77 1.14 1.14 0.01 0,005 0.1 3.1 0.3 0.4

9 0.72 0.75 1.09 1.16 0.075 0.02 0.1 0.03 0.12 U.03

13 0.72 0.74 1.02 1.06 0.01 0.01 0.015 0.02 0.02 0.04

11 0.72 0.72 1.1 1.04 u.n^ 0.02 0.05 0.04 0.07 0.05

12 0.77 0.77 1.1 1.1 0.03 0.03 0.04 0.06 0.05 0.75

13 0.79 0.80 1.12 j.16 0.045 0.03 0.065 0.05 0.075 0.07

14 0.76 0.75 1.14 1.1 0.03 C.025 0.07 0.09 0.18 0.3

15 0.76 0.78 1.04 1.1 0.07 0.05 0.11 0.1 0.13 0.12

667 16 0.74 0.74 1.04 1.02 0.005 0.01 0.025 0.02 0.03 0.06

639 1 0.69 0.66 0.97 0.92 0.015 0.02 0.09 0.08 0.25 0.2

2 0.67 0.66 1.04 0.98 0.03 0.025 0.18 0.08 0.65 0.4

3 0.68 0.34 1.08 0.85 0.01 0.015 0.06 0.07 .0.2 0.14

5 0.67 0.65 1.0 0.96 0.03 0.03 0.04 0.04 0.04 0.055

8 0.68 0.64 1.02 0.86 10.02 0.02 0.03 0.02 0.03 0.02

9 0.67 0.62 0.03 0.9 0.01 0.015 0.04 0.015 C.3 0.02

10 0.69 0.68 1.06 1.03 0.01 0.015 0.03 0.125 0.1 0 1

11 0.67 0.65 0.95 0.94 0.04 0.04 0.08 0.16 0.4 .0.9
[ 13 0.63 0.67 0.91 0.97 0.01 0.01 0.03 0.02 0.2 0.025

14 0.63 0.68 1.02 1.06 0.01 0.005 0.01 0.005 0.04 0.01

15 0.66 0.64 0.39 0.85 0.005 0.005 0.005 0.0! 0.01 0.01
16 0.66 0.7 0.99 1.16 0.005 0.005 0.02 0.02 0.04 0.1

18 0.71 0.7 1.03 1.12 0.03 0.02 0.C8 0.3 0.4 0.3

19 0.66 0.66 0.92 0.96 0.03 0.07 0.12 0.25 0.2 0.4

Welded 639 20 0.63 0.66 0.94 0.93 110.03 0.02 0.07 10.4 0.5 0.8
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'Table 5-1 (continued)

Vf at 0.3 A Vfat3A IRat80V IRatl2OV 'Rat140V
Diode Lot Serial
Type No. No. Pre Post Pre Post Pre Post Pre Post Pr: Post

Welded 643 1 0.68 0.66 1.04 1.1 0.02 0.015 0.03 0.03 0.04 0.05

2 0.7 0.66 1.16 1.04 0.015 0.02 0.04 0.12 0.1 0.4

3 0.7 0.68 1.16 1.18 0.07 0.075 0.13 0.2 0.3 0.6

4 0.67 0.66 1.0 1.02 0.015 0.02 0.12 0.15 0.25 0.3

5 0.66 0.66 0.92 0.92 0.015 0.02 0.19 0.4 1.0 at 1.0 at
136 V 136 V

6 0.66 0.64 0.9 0.87 0.01 0.01 0.02 0.025 0.1 0.03

7 0.65 0.64 0.93 0.88 0.01 0.02 0.04 0.04 0.2 0.2

9 0.67 0.65 0.97 0.94 0.005 0.01 0.02 0.03 0.3 0.3

10 0.65 0.66 0.9 1.0 0.02 0.03 0.1 0.15 0.4 0.5

11 0.67 0.64 0.94 0.86 0.02 0.02 0.04 0.04 0.1 0.1

14 0.66 0.64 0.96 0.92 0.01 0.02 0.02 0.04 0.02 0.1

15 0.67 0.66 1.04 1.04 0.015 0.015 0.04 0.04 0.1 0.06

16 0.65 0.65 0.94 0.94 0.03 0.045 0.17 0.5 0.9 at 1.0 at
136 V 136 V

19 0.66 0.65 0.96 0.92 0.06 0.05 0.06 0.08 0.2 0.14

20 0.66 0.65 0.95 0.92 0.015 0.015 0.1 0.04 0.4 0.15

21 0.68 0.66 1.08 1.08 0.01 0.01 0.01 0.02 0.1 0.08

23 0.65 0.65 0.92 0.88 0.005 0.015 0.01 0.025 0.015 0.03

24 0.67 0.64 1.02 0.99 0.015 002 0.1 0.18 0.25 0.5

643 25 0.68 0.68 1.12 1.04 0.022 0.02 0.2 0.3 1.0 at 1.0 at
136V 132 V

645 1 0.66 0.69 0.94 0.96 0.01 0.01 0.02 0.02 0.02 0.02

2 0.68 0.68 0.89 0.96 0.01 0.025 0.13 0.03 0.9 0.25

3 0.68 0.65 0.94 0.86 0.02 0.06 0.15 0.16 0.9 0.3

4 0.68 1.0 0.045 0.6 1.0 at

124 V

5 0.74 0.73 1.1 1.0 0.01 0.01 0.3 0.02 0.9 at 0.06
136 V

6 0.76 0.74 1.08 1.06 0.025 0.03 0.06 0.08 0.1 0.13

8 0.74 0.7 1.2 1.02 0.02 0.01 0.03 0.02 0.05 0.055

9 0.76 0.73 1.1 1.02 0.02 0.025 0.03 0.04 0.06 0.08

10 0.73 0.71 1.04 0.98 0.005 0.01 0.02 0.025 0.1 0.03
12 0.76 0.73 1.06 1.04 0.01 0.015 0.01 0.02 0.01 0.03

14 0.73 0.73 1.08 1.1 0.01 0.02 0.03 0.04 0.15 0.1

15 0.73 0.71 1.04 1.0 0.07 0.08 0.1 0.12 0.3 0.2

16 0.7 0.68 1.12 1.02 0.01 0.015 0.02 0.02 0.1 0.1

Welded 645 17 0.68 0.64 0.96 0.91 i0.01 0.03 0.02 0.04 0.01 0.06

aCover cracked so not burned in.
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t Table 5-1 (continued)

Vf at0.3 A V at 3A IR atBO0V IR at 12 0V IR at14 0 V

Diode Lot SerialPr Pot P IPst reIotType No. No. Pre post Pre Post Pr ot Pe Pot ro ot

Welded 645 15 0.68 0.67 1.08 1.04 0.04 0.025 0.08 0.08 0.2 0.2
19 0.69 0.68 0.94 0.94 0.1~3 0.2 0.36 0.3 0.65 0.6
20 0. .7 0.98 0.86 0.005 0.02 0.02 0.*0-4 0.2 0.1I

21 0.73 0.6 1.0 0.96 0.05 0.05 0.08 0.08 10'.1 0.13
22 0.69 0.66 10.91 0.86 0.01 0.02 0.04 0.03 0.7 0.45

Welded 645 23 0.65 0.64 0.91 0.88 0.11 0.2 0.22 0.5 0.5 0.6
4Soldered 657 1 0.64 0.64 0.86 0.88 0,005 0.02 0.01 0.12 0.01 0.3

2 .5 06 .6 08 .1500 .2 01 .5 02
2 0.65 0.64 0.86 0.86 0.015 0.02 0.02 0.17 0.05 0.24
3 0.65 0.65 0.82 0.83 0.02 0.025 0.02 0.025 0.065 0.085
4ý 0.65 0.64 0.84 0.94 0.01 0.015 0.01 0.015 0.015 0.015

6 0.65 0.64 0.-84 0 .84 0.01 0.015 0.1 0.015 0.2 0.05
7 0.64 0.,64 0.84 0.86 0.02 0.03 0.07 0.08 0.11 0.2

8 0.64 0.65 0.83 0.84 0.01 0.01 0.1 0.15 0.5 0.25
9 0.64 0.65 0.86 0.9 0.025 0.03 0.03 0'03 0.03 0.03

10 0.65 0.65 10.84 0.84 0.02 0.02 0.02 0.02 0.02 0.02
11 0.64 0.65 0.84 0.84 0.005 0.01 0.005 0.01 0.01 0.01
12 0.65 0.64 0.86 0.88 0.01 0.015 0.01 0.015 10.015 0.015
13 0.64 0.66 0.86 0.88 005 0.01 0.005 0.01 0.005 0.01
14 0.64 0.64 0.84 0.84 0.005 0.005 0.005 0.005 0.005 0.005
15 0.64 0.64 0.82 0.83 0.005 0.01 0.01 0.1 0.01 0.12

16 a 0.66 0.89 0.01 0.01 0.01
17 0.64 0.65 0.84 0.84 0.05 0.04 0.08 0.04 10.4 0.04
18 0.63 0.64 0.85 0.86 0.01 0.01 0.01 0.01 0.05 0.06
19 0.65 0.66 0.83 0.84 0.01 0.01 0.04 0.03 0.08 0.1
20 0.64 0.65 10.81 0.82 0.02 0.02 0.1 0.02 0.22 0.18L21 0.64 0.65 0.84 0.86 0.01 0.01 0.01 0.01 0.015 0.01
22 0.66 0.65 10.94 0.94 0.01 0.01 0.025 0.01 10.15 0.03
25 0.64 0.65 0.84 0.85 0.01 0.01 0.015 0.07 0.3 05
26 0.64 0.66 10.86 0.87 0.01 0.005 0.01 0.005 10.01 0.005Ii27 0.65 0.66 0.85 0.86 0.01 0.005 0.1 0.005 0.01 0.005
28 0.64 0.64 0.84 0.85 0.01 0.01 0.03 0.1 0.06 0.15
29 0.65 0.65 0.85 0.86 0.01 0.01 0.02 0.02 0.09 0.08
30 0.64 0.65 10.88 0.88 0.01 0.005 0.01 0.05 10.02 0.12
32 0.64 0.65 10.82 0.82 0.01- 0.01 0.01 0.02 0.01 0.08

Soldered 657 33 0.64 0.64 0.86 0.87 0.01 0.01 0.015 0.2 0.22 0.3

aCover cracked so not burned in.-
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Table 5-1 (continued)

Diode Lot Serial Vat.A VaA atOlalOV It 4 V
Type No. No. Pre Post Pre Post Pre Post Pre IPost Pre Post

Soldered 657 34 0.64 0.65 0.87 0.88 0.01 0.01 0.01 0.01 0.01 0.01
35 0.64 0.64 0.86 0.86 0.01 0.005 0.01 0.005 0.01 0.005
37 0.64 0.65 0.86 0.86 0.015 0.01 0.02 0.01 0.02 0.01
38 0.63 0.64 0.81 0.82 0.02 0.02 0.02 0.02 0.02 0.02
39 0.65 0.65 0.84 0.85 0.02 0.015 10.02 0.015 10.02 0.015
40 0.64 0.65 0.87 0.86 0.015 0.02 0.02 0.02 10.02 0.02
41 0.65 0.65 0.9 0.*9 0.01 0.01 0.01 0.01 0.01 0.01
42 0.64 0.63 0.84 0.84 0.01 0.005 0.01 0.005 0.01 0.005

43 0.66 0.65 0.83 0.84 10.015 0.02 0.015 0.02 0.02 0.02
657 44 0.64 0.65 0.86 11.86 10.005 0.01 10.005 0.01 0.005 0.01

Soldered 567 45 0.64 0.64 0.84 0.8_I00 0.01 0.01 0.01 10.01 0.01

Results___

Results are recorded in Tables 5-1 and 5-2, along with the voltage
drop results.

Reverse Recovery Time Test

Pu rpose

The purpose of this test is to measure the reverse recovery time by
observing the reverse transient current through a specified load resistance
on switching from a specified forward bias to a specified reverse bias.

Procedure

Adjust VI and R I for a forward diode current of 1. 5 amperes.
Adjust RZ and V2 for a reverse current of 4 amperes with the diode shorted.
Read the reverse recovery time, trr, on the oscilloscope.

Summary

Forward current = 1. 5 amperes

Temperature = 250 *20C

trr :5 3 ýLsec

Results

Test results are shown in Table 5-3.
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TABLE 5-2. VOLTAGE DROP AND REVERSE CURRENT AND VOLTAGE READING4
(168 Hour Burn-in)

Dide Lo Sril Vfat 0.3 A Vf at 3A R at 80V lR atl12 0V lR at1 40 V

Type No. No. Pro Post Pre Post Pro Post Pro Post Pro Post

Soldered 653 3 0.67 0.65 1.02 0.88 0.01 0.01 0.01 0.0 0.01 0.7
10 0.66 0.64 0.92 0.88 0.01 0.015 0.01 0.015 0.015 0.015
14 0.65 0.65 0.89 0.9 0.005 0.002 0.005 0.002 0.005 0.002
15 0.64 0.66 0.68 0.90 0.001 0.002 0.005. 0.04 0.01 0.01
17 0.65 0.66 0.88 0.88 0.05 0.03 0.06 0.03 0.06 0.035
18 0.73 0.73 0.98 0.96 0.02 0.02 0.02 0.03 0.02 0.03
24 0.65 0.6 0.86 0.88 0.025 0.03 0.025 0.03 0.025 0.03
42 0.65 .0.66 10.94 0.94 0.03 0.01 0.14 0.05 0.18 0.14
53 0.66 0.66 10.97 0.94 0.015 0.01 0.015 0.01 0.015 0.01
55 0.7 0.7 0.92 0.92 0.01 0.07 0.01 0.2 0.38 0.5
56 0.65 0.66 0.88 0.86 0.015 0.02 0.03 0.1 0.18 0.22

653 62 0.66 0.66 10.91 0.92 0.04 0.04 0.04 0.04 0.04 0.045
655 2 0.68 0.70 0.88 0.89 0.01 0.005 0.01 0.005 0.01 0.005

7 0.79 0.78 11.14 1.1 0.001 0.005 0.001 0.005 0.04 0.064
10 0.65 0.66 0.92 0.94 0.01 0.005 0.04 0.05 0.7 0.3,
13 0.66 0.66 0.86 0.86 0.01 0.01 0.01 0.01 0.01 0,04
15 0.68 0.68 11.08 1.06 0.01 0.005 0.01 0.005 0.01 0.005
18 0.71 0.64 10.0 0.88 0.01 0.015 0.01 0.015 0.1 0.015I

655 19 0.74 0.74 0.95 0.95 0.01 0.01 0.01 0.01 0.015 0.015
657 1 0.64 0.68 0.88 0.87 0.02 0.07 0.12 0.2 0.3 0.53 0.5 0.5 083 084 002 .0150.02 0.0 MOR 0.0

3 0.65 0.65 0.83 0.84 0.025 0.015 0.025 0.02 0.015 0.09
4 0.64 0.65 0.9 0.86 0.015 0.01 0.015 0.01 0.015 0.01
90 0.85 0.66 0.94 0.89 0.03 0.025 0.03 0.03 0.03 0.03

10 0.65 0.64 0.84 0.85 0.025 0.025 0.025 0.03 0.02 0.0

7 0.64 0.65 0.86 0.88 0.03 0.04 0.08 0.11 0.2 0.18
11 0.65 0.66 0.84 0.85 0.01 0.005 0.01 0.006 0.01 0.005
14 0.64 0.64 0.84 0.84 0.005 0.005 0.005 0.005 0.005 0.005I
17 0.65 0.64 0.84 0.85 0.04 0.04 0.04 0.05 0.04 0.05
18 0.64 0.65 0.88 0.87 0.01 0.01 0.01 0.01 0.06 0.015
20 0.65 0.65 0.82 0.84 0.02 0.015 0.02 0.02 0.18 0.3
21 0.65 0.66 0.88 0.86 0.01 0.01 0.01 0.01 0.01 0.01
22 0.65 0.66 0.94 0.94 0.01 0.01 0.01 0.015 0.03 0.04
25 0.65 0.65 0.85 0.86 10.01 0.005 0.07 0.09 0.5 0.5
26 0.86 0.66 0.87 0.87 0.005 0.005 0.005 0.005 0.005 0.005

Soldered 657 28 0.64 0.65 0.85 0.86 0.01 0.01 0.1 0.12 0.15 0.5
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Tiblo 5-2 (continued)

iode Lot Sera Vf at0.3 A Vfat3A IRat80V IRat 120V IR at 140V

Type No. No. Pre Post Pre Post Pre Post Pre Post Pre Post

Soldered 651 29 0.65 0.66 0.86 0.94 0.01 0.01 0.02 0.01 0.08 0.09

30 0.65 0.64 0.88 0.87 0.005 0.005 0.05 0.005 0.12 0.05
32 0.65 0.65 0.82 0.84 0.01 0.005 0.02 0.02 0.08 0.05

33 0.64 0.64 0.87 0.86 0.01 0.02 0.2 0.04 0.3 0.4

34 0.65 0.65 0.88 0.133 0.01 0.005 0.01 0.005 0.01 0.005

35 0.64 0.65 0.86 0.88 0.005 0.002 0.005 0.004 0.005 0.005

37 0.65 0.66 0.86 0.88 0.01 0.005 0.01 0.005 0.01 0.005

38 0.64 0.66 0.82 0.85 0.02 0.015 0.02 0.015 0.02 O.01.•

39 0.65 0.66 0.85 0.87 0.015 0.01 0.015 0.01 0.015 0.01

40 0.65 O.r,6 0.86 0.88 0.02 0.015 0.02 0.015 0.02 0.015

42 0.63 0.64 0.84 0.85 0.005 0.02 0.005 0.02 0.305 0.025

43 0.65 0.66 0.84 0.86 0.02 0.02 0.02 0.02 0.02 0.025

657 44 0.65 0.64 0.86 0.84 0.01 0.005 0.01 0.005 0.01 0.005
Soldered 567 45 0.64 0.65 0.85 0.84 0.01 0.01 0.01 0.01 0.01 0.01

Welded 639 3 0.64 0.66 0.85 0.94 0.015 0.005 0.07 0.025 0.14 0.07

5 0.65 0.68 0.06 0.98 0.03 0.015 0.04 0.04 0.055 0.7

8 0.64 0.67 0.86 0.94 0.02 0.02 0.02 0.04 0.02 0.18

9 0.62 0.69 0.9 1.04 0.015 0.005 0.015 0.025 0.02 0.2

10 0.68 0.70 1.03 1.06 0.015 0.01 0.025 0.03 0.1 0.04

14 0.68 0.68 1.06 1.02 0.005 0.01 0.005 0.01 0.01 0.25

15 0.64 0.65 0.85 0.92 0.005 0.005 0.01 0.005 0.01 0.005

639 16 0.7 0.66 1.16 0.97 0.005 0.01 0.02 0.2* 0.1 1.1 at
130 V

643 1 0.66 0.63 1.1 1.1 0.015 0.02 0.03 0.03 0.05 0.05

2 0.66 0.69 1.04 1.1 0.02 0.03 0.12 0.1$ 0.4 0.32

4 0.66 0.66 1.02 1.0 0.02 0.015 0.15 0.09 0.3 0.26

7 0.64 0.67 0.88 0.94 0.02 0.05 0.04 0.09 0.2 0.14

9 0.65 0.00 0.94 1.02 0.01 0.005 0.03 0.1 0.3 0.7

10 0.66 0.68 1.0 1.1 0.03 0.02 0.15 0.1 0.5 0.5

11 0.64 0.65 0.86 0.92 0.02 0.02 0.04 0.06 0.1 0.11

14 0.64 0.68 0.92 0.95 0.02 0.025 0.04 0.05 0.1 0.15

15 0.66 0.66 1.04 1.04 0.015 0.04 0.04 0 .2 a 0.06 1.4 at
124 V

20 0.65 0.66 0.92 0.90 0.015 0.01 0.04 0.08 0.15 0.5

Welded 643 21 0.66 0.68 1.0U 1.04 0.01 0.01 0.02 0.03 0.08 0.11

a Cover cracked so not burned in.
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Table 5-2 (1-ontinued)

Vf at0.3 A Vf at. 3I 1at8OV I1a120uV I atI140V

Diode Lot SerialI
Type No. No. Pre Post Pre Post Pre Post Pre Post Pre Post

Welded 645 1 0.69 0.70 0.96 0.6 00 .1 0.02 0.01 0.02 0.1
5 0.73 0.74 1.0 0.16 0.01 0.01 0.2 .3 .6 09

8 0.73 0.72 1.02 1.0 0.01 0.015 0.02 0.02 0.065 0.05

9 0.73 0.76 1.02 1.06 0.025 0.02 0.04 0.08 0.08 0.18
10 0.71 0.72 0.98 1.02 1.01 0.01 0.25 0.03 0.03 0.03
12 0.73 0.76 1.04 1.1 0.015 0.005 0.02 0.015 0.03 0.02
15 0.71 0.73 1.0 1.04 0.08 0.08 0.12 0.18 0.2 0.25
16 0.68 0.7 1.02 1.04 0.015 0.01 0.02 0.02 0.1 0.1
17 0.64 0.68 0.91 1.04 0.03 0.015 0.04 0.02 0.06 0.04

645 21 0.69 0.71 0.96 0.96 0.05 0.03 0.08 0.06 0.13 0.1
646 1 0.65 0.66 0.88 0.88 0.05 0.05 0.09 0.12 10.14 0.22

3 0.71 0.71 0.97 1.02 0.01 0.005 0.015 0.01 10.02 0.02
4 0.64 0.66 0.9 0.88 0.055 0.035 0.1 0.36 0.2 0.12
6 0.65 0.70 0.88 0.93 0.06 0.07 0.07 0.08 0.09 0.1

10 0.63 0.8 0.93 0.96 0.03 0.025 0.04 0.0 *305 00
13 0.64 0.66 0.91 1.04 0.025 0.005 0.03 0.015 10.035 0.03
14 0.64 0.67 0.93 0.92 0.06 0.09 0.12 0.18 0.18 0.3
18 0.64 0.65 0.87 0.88 0.04 0.04 0.08 0.2 0.08 0.5
20 0.64 0.65 0.88 0.88 0.02 0.02 0.025 0.03 0.035 0.03
22 0.66 0.66 0.93 0.93 0.01 0.01 0.015 0.18 0.02 0.8
19 0.76 0.78 1.04 1.16 0.03 0.06 0.045 0.18 0.065 0.6
24 0.65 0.66 0.96 1.04 0.03 0.025 0.05 0.03 0.06 0.04

64.6 28 0.69 0.72 0.91 0.95 0.02 0.02 0.03 0.16 0.05 0.9

648 1 0.7 0.70 0.94 0.95 0.04 0.04 10.07 0.09 0.11 0.12' 3 0.69 0.68 0.94 0.9 0.01 0.01 0.01 0.1 0.015 0.24
4 0.71 0.72 0.96 1.0 0.3 0.2 10.045 0.04 0.06 0.2

68 5 0.72 0.74 1.02 1.08 0.01 0.005 0.02 0.01 0.025 0.015
650 14 0.7 0.71 0.91 0.95 0.025 0.02 10.05 0.18 0.07 0.7' 15 0.75 0.77 1.06 1.06 0.005 0.005 0.01 0.005 0.03 0.01

16 0.68 0.68 0.91 0.9 0.015 0.02 0.03 0.03 0.03 0.5
Welded 650 18 0.67 0.68 0.96 0.9 0.01 0.005 0.03 0.03 0.08 0.07
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TABLE 5-3. REVERSE RECOVERY TIME PER PARA 4.3

Lot Serial Lot Serial t-
No. No. trr ,sec No. No. trr ' Fsec "'

653 7 1.8 667 4 2.0
13 1.6 5 2.0
20 1.2 7 3.2
24 1.6 9 1.2

657 25 1.4 10 1.6
12 1.62813 1.4

30 1.2 14 1.2

45 1.6 15 2.2

655 5 1.2 16 2.2
7 1.1 600 6 1.2

10 1.0 18 1.2
668 4 1.4 23 1.2

8 1.8 37 1.0

660 36 1.2 40 1.2

670 2 2.8 672 4 1.6
7 1.6 661 1 1.8

4 2.0

PRODUCTION DIODE PROBLEMS

The only major manufacturing problem experienced during diode
fabrication was with welding. Welds of consistent strength could not be
accomplished. A comparison of the pull strength of welded and soldered
assemblies is shown in Table 5-4. The inconsistency of the welded samples
Is very apparent. In addition to the inconsistency in pull strength, it was
also found that considerable difficulty was encountered in welding to the P+
back surface. The P+ process used ri.sulted in a very rough surface.
Attempting to weld to this surface requlted In problems varying from the tool
sticking to the weld to no contact at all between the tab and diode. The
vendor also experienced mechanical dainage to the diodes during welding.
These welding problems caused the production yield to drop to an unaccept-
ably low level, and Heliotek suggested that an additional development phase
was required to produce a satisfactory welded diode within the cost objec-
tive for the program. After some consideration, a decision was made to
reduce the deliverable quantity of cells and to recommend additional welding
development in a later phase of this program.
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6. QUALIFICATION AND ENVIRONMENTAL TESTS

The qualification testing of the cells was performed at both the cell

vendor and at Hughes Aircraft Company, while the environmental testing of
the cell coupons was performed at Hughes Aircraft Company. All testing
was go..erned by TS 30964-026 "System Specification, Qualification and
Environmental Test, Reverse Current Blocking Diodes For Flexible Solar
Array Protection. " Tests performed are listed below:

Qualification

Type Approval -

Temperature and Humidity

Thermal Shock

High Temperature Vacuum'

Vibration

Endurance

Environmental

Mechanical Pull

Roll Up

Temperature Cycling Test

TYPE APPROVAL TESTS

Temperature and Humidity Test

Purpose

This test was performed for the purpose of evaluating the performance
of the diode after long tern, exposure to a combined high temperature, high
humidity environment.
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Procedure

The test specimens were placed in a sealed test chamber and the
temperature and humidity raised to 45* -5GC and 93 ±5 percent relative
humidity. The test specimens were exposed to this environment for
96 hours. At the end of this period, visual examination and the functional
tests were conducted.

Thermal Shock

Purpose of 'rest

This test was performed to evaluate the ability of the diode to with-
rtand a rapid temperature change between high and low temperature operat-
irng limits.

Procedure

The diodes were subjected to five temperature cycles at a minimum
thermal rate of 30°C per minute between the extremes of 90° +100C and
-1960 +106C. The diodes remained at the extremes for 1 hour. Visual
examination and the functional tests were then conducted.

High Temperature/Vacuum Test

Purpose of Test

This test was performed to evaluate the combined environments of
high temperature and vacuum on the diode performanc-.

Procedure

The diodes were placed in a test chamber reduced in nressure to a

vacuum of at least 10-5 Torr. The temperature was raised to 140° +10"C.
The diodes remained in the chamber for 168 hours. At the end of this period,
the diodes were allowed to return to room ambient temperature and pressure.
The diodes with silver-titanium- contacts v. ere then removed, and the test
was repeated for the diodes with aluminum contacts, except that the tempera-
ture was raised to 200°C and the test conditions maintained for 1 hour prior
to the 168 hour test. At the end of this period, the diodes returned to room
ambient temperature and pressure. All diodes were visually inspected and
electrically tested.

The Type Approval Test data and results are shown in Table 6-1.
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TABLE 6-1. TYPE APPROVAL TEST DATA AND RESULTS

he~~k NO.-M2802
DATE 6/6/714

TYPE APPROVAL TEST PAGE 7

ELECAL TEST MEAIL SHEET

Lot # See Below Tested b

TAT Para. P/ti 258665 Checked by____
Test TEP-HUETh)TrY 10/10/74

SDate of Test 10/16/74

S/
PRE-TEST POST-TEST

Coll vpF vF V V

NO 043A 6 3,OA S O.3A 6 3. OA

670-8 0.65 0.78 o.65 0.84

667-8 0.77 1.0 0.77 0.97
671-4 0.70 0.78 0.64 0.76

668-5 0.82 1.1 0.82 1.0
667-i 0.8. 1.1 0.81 1.0
667-2 0.85 1.1 0.85 1.0
667-18 0.88 1.1 0.81 0.96

661-13 0.87 1.2 0.83 1.0

66o-41 o.65 0.79 0.65 0.79
66o-31 o.65 o.91, o.65 0.78

;• /
*Probable instr•uentation/reading error

V Forward Volta•eF 75
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Table 6-1 (continued)

NO.-0218021-,i, L, 0 (0o.ohso !
DATE_.§&1/4 !,

TYPE APPROVPL TEST PAGE 8 1

SeeELECTRICAL TEST DETAIL SHEET -y k
Lot He elow Tested by_

TAT Para. 4.5 P/H 258665 Chocked by
TeL t •,-. hTDIT 10 /

Date of Test 10/16/74

PREE-7ST POST-TEST

Cel R (mA) 'R (mA) T.,(mk) 'R (MA)
St L1ov • 4o v Ljo *vR L 0 VNO- - R0 R - R

67o-8 0.13 0.25 0.3 .4

667-8 • °09 .3 .12 o22

671-4 .09 .5 .2 .25

668-5 .1 .5 .3 0
667-1 .15 .2 .3 .32

66,-2 < .1 < .1 .1 .1

667-18 .1 .15 .15 .2

661-13 .1 .2 ,12 .2

66o-41 < .1 < .1 .02 .05

66o-31 .1 .5 .23 .7

= Roverse Current 76
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Table 6-1 (continued)

DATE 6/6/7411'TTPE APPPMOAL TEM PAGE 7

Lot f See BelowETICLTS DAl Tested by Vk

TAT Para. 4±.6 ... P/H 258665 Checkedb NY~
Test THERMAL SHOCK 10,/1/74

Date of Test 11/1/4

CalV VP V VP
NO. S 0,A 03,300.- OA

670-8 o.65 o.84 0.86* 0.83
667-8 0.77 0.97 0.78 0.99
671-4. o.64 0.76 o.611 0.77
668-5 0.82 1.0 0.82 0.99
667-1 0.8S1 1.0 0.81 0.99
667-2 o.85 1110 o.84 0.99
667-18 0.81 0.96 o.81 0.98
661-13 0.83 1.10 0.83 0.98
666-41 0.65 0.79 0.64 o.74
66o-31 0-65 0.78 0.65 0.78

*jrobabloi recording error (see Hi Tmip-Vao data)
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Table 6-1 (continued)

h~j!~ek No. O21802

DATE 6/6/74

TYPE APPROVAL TEST PAGE 8

EECTRICAL TEST DEMLIL S•EET

Lot # See Below Tested
TAT Para. 4.6 P/q 258665 Checked by 41\

Test THEMAL SHOCK 10/16i/74
Date of Tes LLZ//7,.

CellPRE-TEST POST-TESTCell 'R (mA) 1ý (irA) 'R (riA) IR (mA)

S.vR * 1 4o0 'V o120 V I[0_ VR

670-8 .3 .4 .2 .25
667-8 .12 .22 .15 .15
671-4 .2 .25 .1 .1
668-5 .3 0 .4 .9

667-1 .3 .32 .15 .2
667-2 .1 .1 * *

667-18 .15 .2 .3

661-13 .12 .p .2 .3
66o-41 .o2 .05 .1 .2

660-31 .25 .7 .15 .. 7

*No reading obtained (unit shorted)

*" Reverse Current
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Table 6-1 (continued)

-DATE 6/6/74
TYPE APPROVAL TEST PAGE 7

EL.ECTRICAL TEST DETAIL MIEE

Lot # See Below etdb, k.

TAT Para. ~.7 ... P/N28 Cheeked by ~

¶Ces iiiT~P.VAC.Date of Test 11/21/74

Cell VF F F
No. I 0-3A 0 3.OA 0 ,A53.OA

66- .80.79 .7 0.79

67- .40.77 o.64 0.79

668-5~ recodin error (see Thral.ok0aa26- .109 -9 .
667-2r V o .8l099o.4e.

667-8 Mio.980.810.1

66-3 o8 .9 .4il
66-: 0,07

64 o.5.7

66-3 o.507 .507



Table 6-1 (continued)

he!~Aek ,i. 021802
DATE 6.16/714

TYPE APPROVAL TEST PAGE 8

ELECTRICAL TEST DETAIL SHE

Lot -See Below. Tested by_____

TAT Pas. . P/M 2.-Z665 Chocked by

Test HI'~.VAC.
Date of Teat 11/21/714

PRE-TEST POST-TEST

ANAL R10 *4V*120V *14oV
S -R R - R

670-8 .2 .25 *1 .11

667-8 .15 .15 .14 > I

66B-5 .4 .9 .3 .1,
667-1 .15 .2 <.1 .2

667-2 ***

667-18 .2 .3 <.2<.

661-13 .2 .3 <1 .2

66o-41i *1 .2 <1

660-3l -15 .7 <.2 1'3

*No reading obtaim-l (ur4t shorted)

3R Reverse Current
80

77777-

~ F NFF'r.- "A,
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Table 6-1 (continued)

'Oki NO. 021802
DATE 6/6/74

TYPE APPROVAL TEST PAGE 7

.ECTRICAL TEST DETAIL SHEET
Lot # 673 Tested by.--lt

TAT Para. 4,5. , , P/U 258666 Checked by

Test TE••-Ir~r4!D'TYDate of Test 1o/16/74

PRE-TEST POST-TEST

Cell VF VF VF v
No. O.IA 3.OA S .3A 3 3.OA

3 .65 .77 *165.7
4 .66 .82 .66 .81
6 .61" .78 .64 .77
7 .67 .84 .67 .84
8 .71 .96 .71 .96
9 .66 .81 .65 .80

10 .66 .83 .66 .82

11 .65 .80 .65 .77
12 .66 .8o .66 .80

14 .65 .79 .65 .79

/1

V= Forward Voltage

81
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Table 6-1 (continued) I
h~jk~tek NO. =28021

"DATE 6/6/74 ,

TYPE APPROVAL TEST PAGE 8 1

ELECtTRICAL IEST DETAIL S T1-
Lot 673 Tested y-,

TAT paa. 4.5 P/N 258666 Cheaked by . 73'

Test TM-r-TMITY Dot. of Teat i0/16/74

PRE-TEST POST-TEST

Coll IR (,,) 'R (,A) 'R (,A) ýt (,k)
___ ~ 12OV )1~4OVL120V S1ONo. l--20 VR -1-0 VR -'R -1-0 VR

1. .2 .2 .2 .2

6 < .1 <.1 <.1 5.1

7 <.1 .1 .2

8 <.1 .3 .2 .5

9 .2 .4 .2 .s .
10 < , I < .1 < . ,I
11 <.1 <.1 <.1 <.1

12 <..1 2 .3
14, < .t < .1 < 'l ,2

I= Reverse Current

8z

u4
_ :.•-::-;: :: : . •: • : .... "••:.: , i•:• ,; .:: .... ':-:•Z::,• •• ' -: ;•" '• : -¢ ••B a I" -:; .• ::

S: . - .. . .. . : - .: .. . . .. . . .. . .. .. . . . :.-V. . . . . ..



Table 6-1 (continued)

ViT E 6/6/74

'.I:E APP"OVAL TZST PZ 7

ELECTAICAL TEST DLIA-L q.-, =7 Ab___L~ot #.67 . T--:31t:: by t•'

TAT Para. 4,6 PiIA 253666 Chock-d by__-_____

Test TI•itML SHOCK D T/l/74

Dat o T-:t *L/1./74

PRE-TEST PCSST-TEST

Cell VF VF VF '
N _ OJA 9 3.,.oA 0 O.3A o 3.oA

3 .65 .73 .65 .73
4 .66 .81 .66 .81
S6 .64 .77 .64 .77
7 .67 .84 .65 .85

8 .71 .96 .70
9 .65 .8o .65 .81
10 .66 .82 .66 .83

4 11.65 .77 . .74

12 .66 .80 .66 .80
14.65 .79 -65 8

VF Forward Voltage

j 83
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Table 6-1 (continued)

NO. 021,102
"DATE 6/6/7.

TYPE •M'POVAL TEST PAGE 8

EtLETRICAL TEST DETAIL SHEETe __ _Lot # 673 Tested by

TAT Par.a. 4.6 P/ 23866 Cheoked by

Tost IMlMAiL SHIOCK 10/16/74
Date of Test 11/1/74

PRE-TE.ST POST-TEST

Cel1 XR(&) z(m) I (A) TR (mA)
S*•o V 9 v *120o vs " V

-.1 - VR R

3 2.5 ..

4.2 .2 .2 .3
6 <.1<1.11

7 <.1 .2 .2 .2

8 .2 '.5 .3 .6
9 .2 .5 .3 .7

10 <.1 .1 .3

12 .2 .3 .4 1.0

4. .5 .7

I= Reverse Current

84
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Table 6 -1 (continued)

-~DATE 6/6/74

TYPE APPROVAL TEST PAGE 7

EZLTRICAL TEST DETAML S1IEL
Lotf 673 Testedby K

TAT Para. .7 P/N 258666 Che~cked by. '•

Test- HI-TEM. vAC.1//7
Date Of Test 11/21/74

PRE-TET pos¶'JLEST

Coll FP F F
No., 60 3* -3-OA 6J S 3.OA

3.5.73 .66 .78
1.66 .81 '.66 .132

6 *6f.77 .65 .78

.7 .65 .85 .67 .85
8 .70 .9 7 .96
9 .65 .81 o66 .81

10 .66 .83 .67 .83
11 .65 .7Z& o65 o81
12 .66 .80 o66 .81

t.81 .5 8

VF Forward Voltage

2ý85

4-N-,



Table 6-1 (continued)

NO. 021802

DATE 6/6/74 .

TYPE APPROVAL TEST PAGE 8

ELECTRICAL TEST DETAIL SMT~

Lot # 673 Teated by
TAT Para .•. Checked by• f '

Tesot HT-ITENIP VAC. 7 FLT•te of Teat 11/21/74

PRE -TEST POST-TEST

Cell 'R (,A) Iit (mA) :R (MA) IR (MA)
Tro. ';.o VR • oR S -2o vR S I!o vR

3 .> . .2I

4 .2 .3 <<
6 .1 .1. <., < ,1

7 .2 .2 .2 <.1

8 .3 .6 .1 1
9 .3 .7 .1 <.1

10 .1 .3 < .1 .2

11 .1 .1 <.1 <.1

12 .4 1.0 > 1 > 1
14 .5 .7 .6 ,8

IR = Reverso Current:. 86



Summary and Conclusions

Twenty blocking solar cells (10 each, P/N 258776, Rev. D, and
P/N 258666, Rev. C) were subjected to the following environmental tests in
accordance with Heliotek Type Approval Test Procedure 021802, Rev. A.

1) Temperature and humidity

2) Thermal shock

3) High temperature- vacuum

No significant degradation was observed in forward voltage charac-
teristics for the cells as a result of these tests.

No significant degradation was observed in reverse current charac-
teristics for the cells as a result of these tests, with the following
exception-.:

Three each of the P/N 258665 cells (S/N 667-8, 668-5, and 660-31)
and the P/N 258666 cells (S/N 673-8, -9, and -14) showed minor changes in
reverse current characteristics as a result of these tests.

Two cells (P/N 258665, S/N 667-2 and P/N 258666, S/N 673-12) both
failed as a result of thermal shock testing.

VIBRATION TEST

Purpose

The vibration test was performed to determine the effect of two dif-
ferently oriented vibrations on the component parts.

Procedure

The test was conducted using two HASP type substrates wound on a
vibration test mandrel. The substrates are panels approximately 10 feet in
length and 8 inches wide on which are bonded a number of solar cells in
groups plus some dummy cells. The blocking diodes were interconnected

t: to the live solar cell arrays and bonded to the substrate per XPS 31456-011.
The complete arrangement and location of the diodes is shown in
Figure 6- 1.

The substrata- was wound on the vibration test mandrel with a tension
* of 2. 3 pounds. Figure 6-2 shows the direction of the wrap with respect to

the load orientation.

The test mandrel with panels was vibrated for 3 minutes in two dif-
ferently oriented directions. The vibration frequency wa~s a nominal 50 cps
with a nominal peak acceleration of 20 g. Following the vibration, electrical
tests, as specified in paragraph 4. 1 and 4. 2 of the test specification were
performed. The results are shown in Tables 6-2 and 6-3.

87
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80 116 21 24.8

5 11 m12 M 17 1

1234 78910 1314 1920

PANEL A

14131211

73.3 - 25.0

112.0

DIMENSIONS IN INCHES PANEL U

LIVE CELLS

r DUMMY CELLS

FIGURE 6-1. DIODE ARRANGEMENT AND LOCATION

/ •/

LOAD 1

FIGURE 6-2. VIBRATION LOADS
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I!

Visual inspection revealed two small cracks on diode 14 on Panel B
after vibration, and a small crack plus a corner chip on diode 4 on Panel A.
Diode 4 sustained a small chip in the corner after the first roll-up before
vibration. After vibration the crack had propagated, causing a broken
corner, and a second small crack had formed.

L Conclusion

The small cracks on diode 14 of Panel B did not affect the electrical
performance in any way. They appear to be in the cover slide only. The
chip and cracks on diode 4 of Panel A likewise did not change the electrical
performance. The small crack resulting from the roll-up acted ý.s a notch,
and apparently triggered the chipping. Since this test was a severe one
(qualification level) amounting to a 50 percent overtesc, the minor cracks in

f the cover slides are not surprising.

ENDURANCE TEST

Purpose of Test

This test ,as performed to determine the effects of a 1000 hour

burn-in on the electrical characteristics of the diodes when subjected to
the specified conditions.
Procedure

The blocking cells were tubjected to a 1000 hour burn-in test where
a maximum current of 3 amperev was passed through each device while the
device temperature was maintained at 95"C. Changes in the electrical char-
acteristics as function of time were monitored and evaluated.

Results

The results are shown in Table 6-4.

These results show that all diodes functioned satisfactorily after
running for 1000 hours at high temperature (95"C) and high forwardc current
(3 amperes). There were, however, changes in performance resulting from
this exposure which should eventually be evaluated. Presently, however,
this evaluation is considered beyond the scope of the current contract.

MECHANICAL PULL TEST

Purpose of Test

This test was performed to verify that a flight configured intercon-
"nect and cell combination has sufficient mechanical pull strength.

91
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Procedure

The interconnect material was attached to the cell by weld or solder.
After the connection wa- r-ade, the interconnect material was slit into
100 mail wide sections. f,-ch sector was tested on a Unitek Micropul Model
6-092-03 pull tester. . %,t -ell was clamped to the tester frame and the
interconnect sector was .. znped to the pull tester arm. The pull force in
grams was recorded wb :n the sector failed. These data are shown in
Table 6-5.

The data showJ' 'hat the welded cells were unsatisfactory, and led
to the welding evaluati.n and corrective action as described in the previous
section.

Subsequently, a priAi test was conducted on three more cells using
the same procedure. These results are shown in Table 6-6.

ROLL-UP TEST

Purpose of Test

This test wa., w. :,.•rned :N verify that the diode, as connected in a
typical array config :a q,.n wil' k'e capable of withstanding a large number
of roll-up operations.

ProcedureI The v'bration test n.-..re' and one panel were used to perform this

test. The "•anel with the diodes bonded on was loaded in the series cell
direction and rolled with the cells facing away from the roller. A load of
0. 77 pound was applied to the panel, and the panel was rolled-up, or cycled,
500 times. The cells were electrically tested per 4. 1 and 4. 2 both before
and after the roll-ups. The results are shown in Table 6-7. The visual
inspection revealed no damage to the diodes as a result of the roll-ups.

TEMPERATURE CYCLING TESTS

Purpose of Test

This test was designed to verify the integrity of the interconnected
diode under simulated temperature cycling.

Procedure

A temperature cycling test consisting of 1000 temperature cycles
was conducted on two of the flexible panel segments. The test was run with

93
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TABLE 6-6. SUMMARY INTERCONNECT
(MECHANICAL) PULL TEST

P-Contact Pull Test, gr.i N-Bar Pull Test, gm

Tab Tab
Serial
No. 1 2 3 4 5 6 7 1 2 3 4 5 6 7

Welded

660/20 250 170 160 190 165 220 a 140 180 205 190 215 190
660/45 160 180 250 210 150 230 1M0 160 160 195 175 180

669/1 170 170 180 240 200 165 b Off in cutting 100

a Filter cracked at 220
bFilter cracked at 24

TABLE 6-7. ROLL UP TEST DATA

Diode Lot Serial Vf at0.3 A Vfat3A IRatBOV IRatl 2 0 V lRatl 4 0V

Type No. No. Pre Post Pre Post Pro Post Pro Post Pre Post

Soldered 657 41 0.66 0.68 0.96 1.04 0.02 0.01 0.025 0.01 0.025 0.01

8 0.66 0.66 0.93 0.93 0.02 0.005 0.E 0.5 1.0 at 1.1 at
130V 130V

Welded 646 26 0.66 0.70 0.96 1.04 0.12 0.12 0.16 0.16 0.2 0.2

645 2 U.69 0.69 1.02 1.06 0.04 0.03 0.06 0.14 0.1 0.3

19 0.69 0.70 1.06 1.08 0.45 0.4 0.85 0.8 1.0 at 1.1 at
128 V 130V

639 19 0.67 0.68 0.97 1.12 0.05 0.025 0.14 0.14 0.15 0.3

the Hughes Automatic Temperature Cycling Tester. The test consisted of
thermal cycling the two flexible panel segments between -196 *10* C to
+90* *10"C. After every 200 cycles, the blocking diodes were subjected

to a visual inspection and functional tests per paragraphs 4. 1 and 4. 2 of
TS30964-0Z6.

The electrical data are shown in Table 6-8.
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TABLE 6-8. ELECTRICAL DATA FROM THERMAL CYCLE TEST

Num~r Di~eTEMPERATURE CYCLING TEST PER PARAGRAPH 6.4 -_ _

oftCycles Type No. Vf at 0.3 A Vfat3A lRm")V IRat12OV lRatl 4OV

0 Welded 1 0.78 1.12 0.045 0.1 0.1
2 0.80 1.18 0.005 0.02 0.025Soldered 3 0.64 0.82 0.02 0.03 0.03
4 0.70 0.88 0.05 0.18 0.5

210 Welded 1 0.78 1.16 0.005 0.01 0.75
2 0.82 1.36 0.01 0.01 0.09Soldered 3 0.66 0.84 042, 0.5 0.6 at 124 V
4 0.72 0.98 0.06 0.2 O

574 Welded 1 0.73 1.04 0.01 0.02 0.03
2 0.79 1.12 0.004 0.004 0.004Soldered 3 0.64 0.85 0.02 0.03 0.03
4 0.70 0.88 0.05 0.18 0.40

800 Welded 1 0.78 1.28 0.025 0.075 0.6
2 0.81 1.3 0.005 0.01 0.01Soldered 3 0.65 0.86 0.015 0.015 0.015
4 0.70 0.88 0.04 0.19 0.5

1000 Welded 1 0.74 1.1 0.05 0.1 0.2
2 0.81 1.18 0.01 0.015 0.015Soldered 3 0.65 0.86 0.07 0.3 0.5
4 0.70 10.91 10.05 0.15 0.9

96

77r



7. CONCLUSIONS AND REC OMMENDAT IONS

f-. The work on this program has succeeded in developing a process for
fabricating flat pack panel mounted diodes suitable for use on flexible solar
panels. The diode junction is diffused into a, 1 by 2 cm, 8 mil thick, P doped
silicon blank. Although having a slightly higher base resistivity, the blank
is identical to that which is used for conventional solar cells. The nominal
electrical diode characteristics of forward and reverse voltage and reverse
recovery time are suitable for panels such as HASPS and other 28 volt nomi-
nal systems. Approximately 350 production lot and evaluation diodes with
both soldered and welded interconnects, complete with second surface mirror
covers for thermal control, were fabricated and subjected to a comprehensive
series of tests to determine their performance. These tests included elec-
trical, environmental, radiation,and endurance. With minor exceptions, the
diodes performed within specification limits after all environmental expo-

sures. Two problems which require further development and test were
discovered during the program. The first, which arose during manufactur-
ing, was reD.'-ed to the process of welding the interconnect tabs to the diode
contacts. The diode vendor was unable to perform this welding operation
with acceptable repeatability or pull strength. It should be emphasized that
this welding problem is not unique to these diodes, since welding of aluminum
interconnects is a new technology which is still in the development phase.

The second problem was determined during the test sequences. The
diode, although operating within specification limits after test exposure,
showed larger changes in reverse leakage characteristics as a result of
test sequences than is considered acceptable in conventional diode~s. This may
be a characteristic of this type of device or may be eliminated by additional
development work. The particular environments for which diode leakage
characteristic changes were observed were prompt ionizing radiation,
endurance, and thermal cycling. Because of the welding difficulty and
reverse voltage sensitivity, the diode was not completely qualified for flight
use as had been initially intended. For full qualification status, ail additionalf development and test program is required as recommended below.

r MANUFACTURING

I) Increase the diode blank thickness to provide greater strength
and easier handling.
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2) Resolve the welding problem by investigating other welding
methods; in particular, seamn welding. Investigate processes
for making the P+ surface more uniform, thereby providing a
more compatible surface for welding.

3) Investigate a junction c-.ating process less porous than the
silicon oxide which is currently used to protect the mesa
junction.

4) Investigate ro.e of base resistivity in diode stability. More
sophisticated techniques can be utilized to determine final
base resistivity

TEST AND ANALYSIS

1) Radiation. Perform additional radiation testing and analysis
to fully identify and understand the actual mechanism by which
prompt ionizing radiation affects diode performance.

2) Reverse Voltage Stability. Determine the cause of changes in
reverse characteristics produced by various test exposures.
Confirm that stable characteristics can be obtained by process
improvements such as improved junction coating.

3) Repeat the formal qualification tests on 20 diodes of each type.
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I : ,A.cr:,:~t Company
I P.O. C4-72b,64C2-LT1I

A.O~vs~nof =77 Inc'.

PAGE L

MANUFACTURING
CONTROL

DOCMVT

NO 021592 DATE 12/26/73

Hm)

HU= BLOCKING DIODE

APPROT] APPROVED A
. ; ers •H. Chamberlain, Mgr.

Pr-c•at Manager Quality Assurance

REV DATE BY REVISION DESCRIPTION APPROVED

S - -101
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_ . /c~'

DoII

CC':•?.OL EccUVc; -.47',.•• 2

1.0 SCOPE

This ManufaetuxIn, Control Document identifies the processes,

procedures and insnection documents used for the mz.nafacture

of the blocking diode per the requirements of 11AC Spceification
XDfS3C964 -022.

2.1 Heliotek Process Srecifications

Table I lists Heliotek processes used on this progrom.

2.2 Heliotek Inspection Documents

"Table II lists 1teliotek inspection documents to be used on this
program.

2.3 Product/Process Flow Charts.

Pages 5 and 6 of this docum-ent present the flow charts with
referenced specifications.

3.0 QUALITY ASSURUIMCE PR.OYISICM3

3.1 Processing

Quality Assurance inspection shall be as detailed in the procedures.

3.2 Testing

Testing shall be as required by the development engineer and per the

Acceptance Test Procedure.
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TAZBL 1. PROCES3 FIRCCE-2172S7

Number Revis~ion Titlh

911-001 A Cmý,tal Grcw;ing

911-002 N/C Mecnanical ProccoonIr,3

911-003 B Dif f usicn

911-006 N/c Applicatrio of' Antiref2cction Coatin;

911-008 ATrape Pull Tz~st

911-011 N/C Electrical otn

911-016 NI/c Back Etch4in.?- (I'M?,I--0 M{)
911-020 N/IC Removal of 1,ntireflýýction CoLotirý fron

Contact Area

911-030 N/C Alu:-dnun P + E~vaporation

911-036 N/C 1(ona Monk

911 -037 N/c [.e3a Etch

911 -0,-9 N/C Clean for P + Dcuo3ition
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blSPEC. NO. 021592

DATE 12/P6/73
MANUTFAC'IUFING PG

COTROL D PAGE D4

TABZ II INSPECTIK nCUM~rS
Number Revision Title

021326 N/C Acceptance Test Frocedure, HS-350,
Solar Cells, Job No. 4110

021328 N/C Resistivity Measurement and
Sectioning Inspection

021329 N/C Slab Inspection

021330 N/C Silicon Slice Inspection

021331 N/C Diffusion Furnace Temperature Surveillance

021332 N/C Sheet Resistance Surveillance

021333 N/C Tape Control Procedure

021334 N/C Contacting Inspection

021335 N/C Mechaninal Inspection, Unfiltered
Solar Cells

021336 N/C Electrical Testing

021337 N/C Mechanibal Inspection, Filtered
Solar Cells

021390 N/C Acceptance Test Procedure
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CRYSTAL ALND !'MEC1WICAL PROCESSING SPEC Nio. 021592f

• -,Page___ ..

Prepare Charge Mount Slav. 911-002

9.1-O01 Grow Crystal She ,A-002

911-002 Reove Seed Demout Slices 911-002

911-o002 Mount Ingot Clean Slices 911-002

911-002 Section Ingot Slice Sorting 911-002

911-002 Check Resistivity (if required 911-002

911-002 Weigh Section Clean Slices 911.-O2

Resistivity and Sectioning Classify Slices 911-002

Inspection
0o21328 Rev. N/C

QA-2-3
911-002 Mount Section Slice Inspection

021330

911-002 Slab Section To Diffualoit
Processing

0911-002 Weigh Slabs

QA-2-2
Slab Inspection

021329 Rev. N/C

105
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Se•. NO. 021592

Diffusion aMI Final Processing DAE 12
DATE___126/7

PAIE 6

911-003A Chemical Etch

911-003A Diffusion Etch Mesas 911-037

QA
Diffusion Process Strip Photoresist 911-037

Surveillance 021331

QA
Sheet Resistivity SiO Clean 911-006

Surveillance 021332

911-008 Tape s0o EvaporAte 911-oo6

911-o16 BaK• Etch SiO Erase 911-020

Mechanical 21335
911-039A Clean Inspection

911-030 p Back Contact Electrical 911-011

Deposition Test

P Alloy and Solalr Contact

Contact Deposition Soeld Contact

Weld Contact Tabs

911-036 Apply Photoresist (Alum. Contacts)

Attach Coverslides 911-022

113Mesa Mask Electrical Test 911-011

911-036 Expose and Develop

QA Lot
Accest.,nce Teat

021390
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APPEIM:DIX B. DIODE SPECIFICATIONS
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1.0 SCOPE

This specification covers the requirements for a blocking

solar cell of a type used on spacecreft solar panel asseoblnes.

1.1 Design Requirements - The blocking solar cell shall be designedto meet all requirements specified herein, in accordance with the following
relative priority list:

a) Reliability

b) Electrical performance characteristics including nuclear
and natural radiation resistance.

c) Structural characteristics such as strength and weldability/
solderability.

d) Thermal characteristics

e) Weight

1.2 Conflicting Requirements - Conflicting requirements arising between
this specification and any other specification or drawing listed herein shall be
referred in writing to Hughes Aircraft Company (MAC) for interpretation and
clarification.

1.2.1 Requests for Deviation - Requests for deviation from this specifica-tLon or applicable drawings, specifications, publications, materials and
processes specified herein, shall be considered design changes or design
deviations and shall not be allowed except by written authorization from RAC.

1.3 Materials. Parts and Processes - When a material, part or process
is not specified herein, the Seller's selection shall assure the highest
uniform quality and condition of the product suitable for the intended use,
and such selection shall be submitted for the review and concurrence of RAC,
with the exception of such materials, parts and processes involving information
proprietary to the Seller, in which case the Seller shall provide suitable
documents showing specification compliance.

1.4 Changes - Any change in materials, parts, processes, manufacturing
area, following acceptance tests, shall require the prior approval of HAC. IACmay require that additional testing be performed prior to granting approval of
any vendor-negotLated change request.

2.0 APPLICABLE DJCUMENTS

The following documents of the date and/or revision shown are
a part of this specification to the extent noted in subsequent paragraphs:
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Hushes Aircraft Company Drawings

7'2S 31456-001 Procurement Specification, Solar Cell
Aluminum Contact

PS 30660-080 Procurement Specification, Solar Cell,
Bar Contact, Titanium-Silver Contact

258665 Source Control Drawing Blocking Solar
Cell, Covered Aluminum Contact

258666 Source Control Drawing Blocking Solar

Cell, Covered Silver Titanium Contact

X3354450 Coveralide, Blocking Solar Cell

258162 Strip Interconnect Aluminum

3205755 Strip Interconnact Cuqper

Other Sources

NASA-63-106 Radiation Damage Resistance for Silicon
Solar Cells, 31 October 1962

3.0 REQUIREMENTS

3.1 Design Description - The blocking solar cell shall have the
physical properties of a solar cell and either aluminum contacts or silver-
titanium contacts. The individual cells shall be capable of being
electrically interconnected by means of an ultrasonic welJing assembly
process or by soldering in series-parallel groups.

3.1.1 Configuration - The dimensions and overall configuration of the
cell shall conform to the Hughes Control Drawings.

3.1.2 Cell Defects - The maximum perimetric chip allowed shall be
SL 0.025 inch deep by 0.150 inch long and the maximum corner chip shall be 0.60

"inch on the hypotenuse. Surface nicks shall not exceed 0.050 inch x 0.050
inch. Cracks shall not be allowed.

3.1.3 Materials - All materials used in the blocking solar cell

shall be in accordance with: -
a) XPS 31456-001 for the aluminum contact cells

b) PS 30660-080 for the titanium silver contact cells

3.1.4 Cell Cover - The cells herein shall be procured with a cover

installed (HAC Furnished Cover X3354450). The cover adhesive will be
Dow type 93-500.

3.1.5 Cell Junctional Area - The blocking solar cell Junction area shall
be located at the upper cell surface to which the top bar contact(s) are applied.The Junction shall not extend over or wrap around any edges of the cell.
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3.1.6 Negative and Positive Contacts - The cell contact(a) shall be
free of adhesives or foreign material which could interfere with weldability
or solderability. Contact surfaces shall be free of protrusions greater
than 25 microns. The contacts shall conform to the requirements of Para. 3.1.7.

3.1.7 Contact Material - The contact material shall be as specified in
Paragraph 3.1.3 and bonded to the silicon in such a manner as to insiwre rhat
the strength of the bond exceeds the strength of the silicon when subjected t;,
the tebts set forth in Paragraph 3.1.8. The aluminum contacts shall be capable
of having aluminum interconnectors attached using an ultrasonic welding process.

3.1.8 Contact Tests

a) Peel Test - As part of the in-process testing, the following
test shall be performed by the Seller and a Certificate of Compliance shall be
issued certifying, for HAC acceptance purposes, that the test has been performed
as described herein. The peel test will be done to 100% of the cells on both
sides as an in-process test and not as a portion of lot acceptance testing.

After contact deposition, each cell shall be tested by applying
Scotch Brand No. 810 tape or approved equivalent to the cell contacts.
The tape shall be pressed to transparency, and then pulled away from
the cuutact with a uniform continuous pull at an angle between 45 and 900 to
the cell surfaces. Each cell shall then be examined for conformance to the
contact coverage requirements. Any cell not meeting the above requirements
shall be rejected.

Tape used in the peel test shall be traceable to the manufacturer's
production lot. Procedures for storage requirements, shelf life indication and
pull test shall be approved by HAC.

b) Welded Tab Pull Test (Aluminum contact only) - As part of the
in-process testing, the following sample test shall be performed by the vendor
and a Certificate of Compliance shall be issued certifying, for HAC
accepcance purposes, that the test has been performed as described herein. The
pull test will be done as an in-process test and not as a portion of lot
acceptance test.

A single sample from each contact evaporation batch shall be
destructively tested by attaching the pull tabs, as shown in Figure 1, and
measuring peak force during a non-limited pull. Testing shall be performed at
100 + 50 gram per second load rate using a Unitek Model 6-092-01 motor driven
tester with peak reading Chatillon gage (Unitek Model 7-014-02, or HAC approved
equivalent). Results shall be dispositioned as follows:

Pull value greater than 250 grams, all modes PASS

Tab with aluminum pulled from cell leaving FAILURE
either submetal or the bare silicon cell
surface exposed

Tab pulled out of test fixture, tab broken, REPEAT ON
or tab cell contact separated SAME CELL

Cell broke near or away from joint REPEAT ON SAME
OR NEW CELL
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SWelded joint separated, removing aluminum REPEAT ON
from contact, and pulled out some silicon SAME CELL
now adhering to tab

Tab pulled off, leaving some aluminum on PASS
contact and pulled out some silicon now
adhering to tab

Tab pulle. complete divot of silicon out of PASS
cell. Tal pulled off leaving aluminum from
tab on ce . with no cell contact material or
silicon adhering to tab

More than one tab pull failure shall constitute plating batch
failure. Test cells shall not be deliverable.

3.1.9 Cleanliness - '-,e cells shall be free of foreign material or
contamination which could ' .. :erfere %.th welding or soldering on contact areas,
or which could interfere . .h adhesive curing or bonding to front and rear
surfaces of the cells. TL cells shall be suitable for interconnection welding,
cover bonding, and cell-tc. aubstrate bonding, without any additional cleaning.

3.1.10 Nachanical Durability - The cell shall be designed to provide
mechanical durability by attention to silicon blank edges a'id surface condition,
and by minimizatioa of residual internal stresses.

3.1.11 Wiht - The weight of the blocking solar cell shall be less than
115 milligrams.

3.1.12 Confi-.tration Requirementa - The device shall be compatible with
either flexible roll-up array or rigid panel array concepts.

3.1.13 Call Interconnects - The cells herein shall be proaured with
the interconnects installed according to IHAC Drawings 256665 and 258666.

The interconnects to be turnished by HAC shall comply with HAC
Dwg.258162 for welded interconnects and 3205755 for soldered interconnects.

The soldered or welded interconnect, shall be installed in
such a meanner aq to insure that the strength of the assembly as specified in 3.1.14.

3.1.14 Call Interconnect Tests - After the interconnect has been installed
and prior to cover bonding I cell of eacý type shall.be selected and subjected to
destructive tests to verify the integrity of the welded or soldered junction to
withstand a pull of 200 grams or greater.

3.2 Performance Requirements

3.2.1 Ratings at Beginning of Life

V f 1 2 V (-'ax) at 3 amps,250C 1 r Z0. Ma (maax) at 8OV
0.8 V r.Iax) at 0.3 amps, 250C = 0.2 ma (max) at 120 V

= 1.0 ma (max) at 140 V
Tr 3 •.sec
rr
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3.3 Enviror-ental Perforrnnce - The blocking solar zeals shall meet all

perform.ance requirements of this pemcification prior to and after the envirorinental

conditions specified herein. (Ref. Patagrap h 4.6 for degradation as a result of

testing.)

3.3.1 Storaee - The solar cells shall be capable of meeting all 1,erfournance

requirements of Paragraph 3.2 after storage at a relative humidity of 50 pa-xceit

maximum and at a temperature of 25o + 2000 for a period of 24 months.

3.3.2 Teltmitre - Humidity - The blocking solar cells shall meet all

performance r'xquircmefl5s of Paragraph 4.6 after being tested in accordanc- with

Paragraph 4.6.2 for 4 days at 95 + 5% relative humidity, 45'C.

3.3.3 Operational Life - The solar cells shall be designed for an

operatiornal life of 10 years in the space environment.

3.3.4 Thermal Shock Cvclinj -

a) The type blocking solar cells shall be designed for the fJllowirg

therrml cycling environments:

Te:-nerature Panf'e. °C Nuaber of Cycles

-185 to +60 650

- 85 to +85 3,000 (design goal 40,000)

b) The type blocking solar cells shall meet all performance

requirements of Paragraph 4.6 after being subjected to a rate

of change of temperature of 300C per minu' ! over a temperature

range of -196 to +90
0 C in accordance with Paragraph 4.6.3.

3.3.5 High Temperature - Vacuum - The blocking solar cells shall meet all

performance requirements of Paragraph 4.6 after exposure to a temperature of
05

140 C and a vacuum of 1 x 10-5 Torr for a Deriod of 168 hours, plus an exposure

of 2000r for I hour (for aluminum contact cells only), when tested in accordance
with paragraph 4.6.4.

3.4 Interchann-ýIbility - Solar cells bearing the sr=me part numbtr shall

be physically and functionally interchangeable without selection or fit. The HAC

part number for these cells shall be that shown on the Cell Draving.

4.0 TESTS
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4.1 General

4.1.1 Test Appsratus All meters, scales, thermometers, and similar
measurtng test equipmmnt used In conducting tests specified hervin shiallu
accurate within I percent of the full scale value. Full-scale detlectioti of MoNLcl:,
3hould not be more than twice the maximum value of the quantity being measured.
All test apparatus shall be calibrated at suitable intervals and reco.ds of
each calibration shall be available for inspection by 1IAC. HAC may exa:mino tiie
Sieller's test equipment and determine that the Seller has available anl utltihieF
correctly, gauging, measuring and test equipment of the required accuracy and
precision, and that the instruments are of the proper type and range Lo wlake
measurements of the required accuracy. The calibration of gauges, standards,
and instrumeents shall be checked In a mutually agreed upon primary stB .. ards
laboratory if disputes concerning performance occur. The cost of such check is
to be borne by Seller.

4.1.2 Tent Records - Records shell be kept of all tests and of applicable
manfacturing data and these records shall be made available for iusp2'ction by
HJ.C. Prior to and following each test of Paragraph 4.5, a thorough visual
examination of the test items shall be condurted. All physical markings, defects
and other visual characteristics shall be noted and recorded as a portion of tile
test records.

4.1.3 'rest Conditions -'Unless otherwise specified herein, all teats f~iol1
be performed at the following nominal ambient conditions:

a) Teml'2rature 25" 0 2*C

b) Relative Humidity no greater than 50 percent

4.2 Classification of Tests - Tects shall be classified as follows:

a) Acceptance tests

b) Type approval tests

4.3 Sampling Procedures - The sample procedures for acceptance test of
Paragraph 4.5 shall.meet the requirements of Military Specification MIL-STD-105D
for an AQL of 2.5 percent defective excluding the 100%. electrical performance
tests of Paragraph 4.5.2.

4.4 Test Locations - Unless otherwise specified in the contract, or in
the specifications, type approval and acceptance tests shall be performed by the
Seller at the Seller's plant. If the use of outside test facilities are required,
the use of these facilities shall be subject to approval by HAC. HAC shiall have
the right to witness, inspect, and review all type approval and acceptance teats.

4.5 Acceptance Tests - A lot shall nominally consist of from 100 to 4000
blocking solar cells, manufactured under essentially the same conditions and
submitted for acceptance at substantially the same time. The sampling plan shall
comply with Paragraph 4.3.

4.5.1 Examination of Product - The blocking solar cells shall be inspected
to determine compliance with respect to materials, workmanship, dimensions, aid
weight as specified in Paragraphs 3.11,o 3.1.2i 3.1.3, 3.1.9, and 3.1.11.
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4.5.2 Electrical Performance - It shall be the Seller's responsibility to
perform adequate testing and to obtain and submit adequate data to demonstrate
that the requirements of Paragraph 3.2 are met. In addition to the
Seller's tests, HAC will conduct at its option 100 percent electrical performance
tests of delivered blocking solar cells.

4.6 Type Approval Tests - Type Approval Tests, when requireJ by the
contract shall be conducted in the manner described below prior to initial cell
deliveries. A sample of 20 blocking solar cells, unless otherwise noted, shall
be selected at random from a production lot. Whe. two or more te3t cells fail
to meet the requiremnnts oi this specification, the extent and cause ci fail-,re
shall be determined and corrective action initiated. After correctivy acdi,''
has been taken, type approval and acceptance tests shall be repeated as rrquir,'d
based upon review of the failure analysis by HAC and the Seller. Cells stibjerted
to type approval test shall not be used for flight hardware, but shall be
deliverable to the Buyer at completion of TAT. The cells shall be subjected t,
type approval tests in the order listed below. Each test shall be perfono-d on
the entire cell sample unless otherwise noted. Degradation of each individIual
cell parameter shall not exceed 5 percent.

4.6.1 Initial Tests - All blocking solar cells selected for the type
approval test program shall first be subjected to acceptance tests in accordance
with Paragraph 4.5.

4.6 2 Temperature and Humidity - The test specimens shall be placed in a
sealed test chamber and the temperature and humidity raised to 957 + 57 relative
humidity and 45 + 5C. The test specimens shall be exposed to this environment
for 4 days. At the end of this period, electrical performance test in accordance
with Paragraph 4.5.2 shall then be conducted and the requiremente of Paragraph
3.2 shall be met.

4.6.3 Thermal Shock - The cells shall be subjected to five temperature
cycles at a minimum thermal rate of 300 per minute between the extremes of 900
+ 10 C and -196 + I0C. The solar cells shall remain at the ext-emes for a
minium of one hour. Electrical performance tests in accordance with Paragraph
4.5.2 shall then be conducted and the requirements of Paragraph 3.2 shall be
met.

4.6.4 High-Temperature Vacuum - The solar cells shall be placed in a test
chamber reduced in presaure to a vacuum of at least 10-5 Tort. The temperature
shall be raised to 140°C + 1OC. The solar cells shall remain in the chamber
for a .eriod of 166 hours. The cells shall similarly be exposed to a temperature
of 200 C for 1 hour in vacuum (for aluminum contact cells only) At the and
of this period, the cells shall be allowed to return to room ambient tempera-
ture and the electrical performance tests in accordance with Paragraph 4.5.2
shall be conducted and the requirements of Paragraph 3.2 shall be met.
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4.7 etest- .'y changes made unilaterally by the supplier in mninuficturily
techniques, processes, materials, quality control levels, manufacturing. RiLes or
type of manufacturing equipment shall be cause for complete retest per Paragraph
4.6 at no cost to ILAZ.

4.8 Hughes Aircraft Company Tests - If after receipt by Hughes, •,
number of solar cells prove defective, such as to indicate a vendor process
coatrol problem, the individual cells or the entire lot may be rejected.

5.0 PREPARATION FOR DELIVERY

5.1 Shipping Container - The Seller shall provide containers of the size
required for the delivery lots. Containers shall emr.loy sealed humidity barrier
bags with a desiccant quantity capable of assuring relative humidity no greater
than 30 percent. The Seller shall demonstrate the suitability of the humidity
capability of the desiccated container during packaging of the initial delivery
lots. An indicator of desiccant water absorption shall be provided. All materialI
used In the shipping container shall be non-f-aking and non-shredding.

5.2 Identification - Each solar cell shipping box shall be legibly
identified by the following:

a) HAC Part Number (Specification and Drawing Number)
b) Seller's Part Number
c) Month and Year of Manufacture
d) Lot Number
a) HAC Purchase Order Number
f) Cell Type (P/N or N1P)

6.0 IWSPZcrIOt
i

6.1 General - The materials, processes and assembly covered by this
specification shall be subjected to extensive inspection and testing by both
the Seller and HAC.

6.2 Inspection

6.2.1 Seller inspection - Product quality assurance shall be provided oy
the Seller by a series of in-process inspections coumencing with receipt of raw
materials and parts, and continuing through the finished product. The selected
inspc• tlion points shall have the approval of MAC. A record shall be maintained
of all inspection and be subject to review by HAC.
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6.2.2 IRAC Source Inspection - The Hughes Aircraft Company shall at its
option provide inspection to adequately monitor the Seller's quality control
effort including in-process inspection and in-process tests. The complete
hardware may be source inspected by HAC to assure that the product confornes to
all th2 requirements specified by the applicable drawings and specifications and
may include witnessing of acceptance tests.

6.2.3 Rejected Assemblies - Rejected ass.emblies shall not he resubmitted
for approval without furnishing full particulars concerning the rcjection, the
mweasure taken to overcome the defects, and the pieventlon of their future occ,,r-
rence. Each rejected assembly Eall be identified by a serialized rejection
tag. This %ejection tag shall not be removed until rework requirements have been
complied with, and the tag shall be removed nnly by. or in the presence of, an
"authorized representative of HAC.

6.3 Uniformity of Product - The Seller shall submit for RAC approval
sufficient documentation to describe the cell and process required. Changes
shall be subject to the requirements of Paragraph 1.4. The documentatlorn shall
include:

a) Detailed Physical Description of Blocking Solar Cell

- Seller's drawing (if used)
- Starting material parameters, such as:

- purity
- dislocation density

dopant material, dopant level, and original chemralat form
- Hall coefficient
- oxygen content
- crystal orientation
- silicon source

- junction depth
- contact composition and substrate temperature during deposition
- other data as required to describe the cell

b) Quality Assurance Program, including a detailed flow chart: the
flow chart shall show all processing steps and control/inspection points and
procedures.
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1.0 SCOPE

1.1 This specification covers the requirements for the design and construction
of a photovoltaic solar cell of a type used on spacecraft solar panel
assemblies.

1.2 Design Requirements - The solar cell shall be designed to meet all
requirements specified herein. Test programs shall be successfully
completed demonstrating the ability of the solar cell to meet all
performance requirements in ccordance with the following relative
priority list:

a) Reliability
b) Air mass zero sunlight conversion efficiency, including nuclear

and patural radiation resistance
c) Structural characteristics such as strength and weldabiltty
d) Thermal Characteristics
a). Weight

1.3 Conflicting Requirements - Conflicting requirements arising between
this specification and any other specification or drawing listed herein
shall be referred in writing to Hughes Aircraft Company (HAC) for
interpretation and clarification.

1.3.1 Requests fo Deviation - Requests for deviation from this specification,
or applicable drawings, specifications, publications, materials and
processes specified herein, shall be considered design changes or design
deviations and shall not be allowed except by vritten authorization from
HAC.

1.4 Materials, Parts and processes - When a material, part or process is
"not specified herein, the Seller's selection shall assure the highest
uniform quality and condition of the product suitable for the intended
use, and such selection shall be submitted for the review and concur-
rence of HAC, with the exception of such materials, parts and processes
involving information proprietary to the Seller, in which case the
Seller shall provide suitable documents showing specification compliance.

1.5 Changes - Any change in materials, parts, process, manufacturing area,
following TAT3 shall require the prior approval of HAC. RAC may require that
additional testing be performed prior to granting approval of any vendor-
negotiated change request.

2.0 APPLICABLE DOCUMENTS

2.1 The following documents of the date and/or revision shown are a part of
this specification to the extent noted in subsequent paragraphs:
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Military Specifications

i. IL-STD-105D Sampling Procedures and Tables for Inspection
by Attributes, 2 March 1964

Hughes Aircraft Company Drawings

XPS 31456-003 Procurement Specification, Solar Cell Cover

AFAPL-TR-72-44 Effects of Space and Nuclear Environments on
"Lithium Doped Cells, July 1972

AFAPL Contract Procurement Specification, Solar Cells, Silicon,
F33614-70-C-1361 Nuclear Detonation Resistant, July 1972.

RAC 255962 HAC Solar Cell, Aluminum Contacts

3.0

3.1 Design Description - The solar cell shall be a single crystal silicon
type with shallow-diffused junction and aluminum contacts. The individual
solar cells shall be cap, ble of being electrically interconnected by
means of an ultrasonic welding assembly process, in series-parallel
groups. Cell types shall be defined as follows:

TYPE N/P: 10 0cm (7-14) -- Part No. xxxxxx-2 (N/P)
TYPE P/N: Lithium Doped -- part No. Xxxxxx-l (P/N)

3.1.1 Configuration - The dimensions and overall configuration of the solarcell shall conform to the Hughes Source Control Drawing.

3.1.2 Cell Defects - The maximum perimetric chip allowed shall be Q.025 inch
deep by 0.150 inch long and the maximum corner chip shall be 0.060 inchon the hypotenuse. Surface nicks shall not exceed 0.050 inch x 0.050inch. Cracks shall not 1e allowed. The cell antireflection coating

ahall have no voids larger than 0.075 inch in diameter, and no more than
live voids between 0.045 and 0.075 inch in diameter, and no more than 10
voids between 0.015 and 0.045 inch in diameter. Voids not detectable by
the unaided eye shall be neglected.

3.1.3 Materials - All materials contained in the solar cell shall !',.ve an
atomic number of 15 or less, with the exception that titanium may beused in.the cell contacts to an effective titanium thickness no:

exceeding one micron; also, arsenic may be used as a dopant. The Seller
shall certify that the cells meet this requirement.

3 .1.4 Cell Cover - The cells herein shall be procured without coverglasses.
Aj However, the cells shall be suitable for use with a cover installed

which conforms to HAC XPS 31456-003. (6 mil 7940 fused silica, 0.400
micron cutoff filter, no A/R coating). The cover adhesive will be one
of the following Dow types: 182, 184t R-63-488, R-63-489, or 93-500.
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3.1.5 Cell Junction Area - The solar cell Junction area shall be located at
the upper cell surface to which the top bar contact and grids are
applied. The junction shali not extend over or wrap around any other
edges of the cell.

3.1.6 Solar Cell Absorptance and Emittance - Average emittance of the active
area of the solar cell top surface with the coverglass applied, shall
not be less than 0.83 from 250C to 125 0 C. Average absorptance to solar
radiation in the wavelength region 0.2 to 2.5 microns shall not exceed
0.82. The Seller shall certify that the solar cells meet this require-
ment.

3.1.7 Negative and Positive Contacts - The cell contacts shall be free of
adhesives or foreign material which could interfere with weldability.
Contact surfaces shall be free of protrusions greater than 25 microns.
The contacts shall conform to the requirements of Paragraph 3.1.8.

3.1.8 Contact Material - The cells shall have 99.9% pure aluminum contacts,
bonded to the silicon in such a manner as to insure that the strength
of the bond exceeds the strength of the silicon when subjected to the
peel tests set forth in Paragraph 3.1.9. The contacts shall be capable
of having aluminum interconnectors attached using an ultrasonic welding
process.

3.1.9 a) Peel Test - As part of the in-process testing, the following test
shall be performed by the Seller and a Certificate of Compliance shall
be issued certifying, for HAC acceptance purposes, that the test has
been performed as described herein. The peel test will be done to
1007. of the cells on both sides as an in-process test and not as a
portion of lot acceptance testing.

After contact deposition, each solar cell shall be tested by appling
Scotch Brand No. 810 Tape or approved equivalent to the cell N-contact,
grids and P-contact surfaces. The tape shall be pressed to transparency,
and then pulled away from the contact with a uniform continuous pull
at an angle between 450 and 900 to the cell surfaces. On the bar
contact and grids the pull shall begin at the grid tips and progress
toward the bar. Each cell shall then be examined for conformance to
the contact coverage requirements. Any cell not meeting the above
requirements shall be rejected.

Tape used in the peel test shall be traceable to the manufacturer's
production lot. Procedures for storage requirements, shelf life
indication and pull test shall be approved by HAC.

b) Welded Tab Pull Test - As part of the in-process testing, the
following sample test shall be performed by the vendor and a Certificate
of Compliance shall be issued certifying, for MAC acceptance purposes,
that the test has been performed as described herein. The pull test
will be done as an in-process test and not as a portion of lot acceptance
test.
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A 1% minimum sample from each contact evaporation batch shall be
destructively tested by attaching the pull tabs, as shown in Figure 1,
and measuring peak force during a non-limited pull. Testing shall be
performed at 100 + 50 gram per second load rate using a Unitek Model
6-092-01 motor driven tester with peak reading Chatillon gage (Unitelc
Model 7-014-02, or HAC approved equivalent). Results shall be dis-
positioned as follows:

Pull value greater than 250 grams, all modes Pass

Tab with aluminum pulled from cell leaving either
submetal or the bare silicon cell surface expcsed

Tab pulled out of test fixture, tab broke, or tab Repeat on
cell contact separated same cell

Cell broke near or away from joint Repeat on
same or new
cell

Welded joint separated, removing aluminum
from contact, and pulled out some silicon now Repeat on

adhering to tab. same cell

Tab pulled off, leaving some aluminum on
contact and pulled out some silicon now Pass
adhering to tab

Tab pulled complete divot of silicon out of cell Pass
Tab pulled off leaving aluminum from tab on cell Pass
with nb cell contact material or silicon adhering to tab

More than one tab pull failure shall constitute plating batch failure.
Test cells shall not be deliverable.

3.1.10 Cell Anti-Reflection Coating - An anti-reflection coating shall be
applied to the solar cell active surface. Coating material shall be of
the silicon monoxide type (or rAC-approved al.ternate). Coating
characteristics shall be such as to optimize the solar cell absolute
power output with HAC XPS 31456-003 cover applied, under IAU air mass
zero, normal inmidence illumination, at 60

0
C.

3.1.11 Covering Loss - Power output of the bare solar cell at the condition
specified in Paragraph 3.2 shall not degrade more than 4% upon instal-
lation of the HAC XPS 31456-003 cover. The Seller shall apply covers to
50 cells from the first lot and measure cover losses at the specified
voltage to verify this requirement. A Certificate of Compliance shall
be provided for all subsequent lots.

3.1.12 Cleanliness - The solar cells shall be free of foreign material or
contamination which could interfere with welding on contact areas, or
which could interfere with adhesive curing or bonding to front and rear
surfaces of the solar cells. The solar cells shall be suitable for
interconnection welding, cover bonding, and cell-to-substrate bonding,
without any additional cleaning.
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3.1.13 Mechanical Durability The solar call shall be designed to provide
mechanical durability by attention to silicon blank edges and surface
condition, and by ýninimization of residual internal stresses.

3.2 Power Output -The power output of solar cells without covers, under air
mass zero spectral conditions, 1 A.U. solar radiation intensity and at a
cell test block temperature of 25 0 C, shall meet the following requirements,

Voltage Lot Minimum* Minimum Current*
Cell Type Volts * Average Current, Per Cell, Amperes

At aerns

P/N 0.470 0.126 0.105
N/P 0.445 0.126 0.105

• or HAC-approved alternate current-voltage specification of equal power.

The Seller shall separate solar cells into two-milliaapere categories
according to their current output at the specified voltage, and
identify the categories in all deliveries to 1=C. The categories will
be determined at the above test conditions in the following manner.

1) Category I will consist of those solar cells whose current output
is equal to or greater than 105 milliamperes ard less than or
equal to 107 milliamperes.

2) Category 2 will consist of those solar cells whose current output
is greeter than 107 milliamperes and less than or equal to 109
milliamperes.

3) Category 3 and up will consist of cells in consecutive two-
milliampere categories above 109 milliamperes.

3.2.1 Illumination Sources - The source of radiation used to illuminate the
cell for purposes of confirming cell power, Paragraph 3.2., shall be
sunlight at the earth's surface at Table Mountain, California, or at
other HAC-approved test sites with the following minimum sunlight
conditions:

2
1) Illumination intensity shall be greater than 96 =w/cm equivalent

space solar radiation measured from the calibrated space cell;
i.e., M shall be • 1.26.

2) No visually detectable precipitation.

3) No fluctuating cloud cover.

4) No testing shall be performed before 9:00 a.m. or after 3:00
p.m., Standard time.
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The calibrated space cell to be used shall be IAC &Landard cell
AlA/B. The calibrated output oi this cell shall be (at 1AU,
25 0C, air mass zero spectral illumination) as :¶odol4s:

AIA: 71.20 mv
t AlB: 67.74 mv

A collimating tube equipped with baffles may be used, in which case it
shall be used for both the space cell ceasurements and cells under
test. The tube shall have a minimum length-to-diameter ratio of 10.

The power output under these conditions shall be corrected to air
mass zero by multiplying by M, where x equals the ratio of the standard
cell's calibrated space output divided by its output under test.

3.2.2 Temperature Variation - The Seller provide test data (I-V curves) on
50 sample cells from the first lot to determine the voltage-current
characteristics of the cells at -50'C, 0°C, 50 0 C and 100OC. The tests
shall be run with a constant illumination source as specified in
Paragraph 3.2.1 or HAC-approved alternate. A Certificate of Compliance
shall be provided for all subsequent lots. The requirement of this
paragraph shall be met by the tests of Paragraph 4.6.3.

3.3 Environmental Performance - The solar cells shall meet all performance
requirements of this specification including power output as defined in
3.2, prior to the environmental conditions specified herein. (Ref.
Paragraph 4.6 for degradation as a result of testing.)

3.3.1 Storage - The solar cells shall be capable of meeting all perfoarmance
requirements of Paragraph 3.2 after storage at a relative humidity of
50 percent maximum and at a temperature of 250 *200C for a period

/of 24 months.

3.!o.2 Temperature - Humidity - The type N/P solar cells shall meet all per-
formance requirements of Paragraph 4.6 after being tested in accord-
ance with Paragraph 4.6.4 for 30 days at 90 t 5 7 relative humidity,450 C. This shall be a design goal for type F/N cells.

3.3.3 Operational Life - The solar cells shall be designed for an operational

lifsof seven years in the space environment.

3.3.4 Thermal Shock Cycling

a) The type N/P and type P/N solar cells shall be designed for the
following thermal cycling environments:

0
Temperature Range, C Number of Cycles

-185 to +60 650
- 85 to +85 3,000 (design, goal:

40,000)

b) The type N/P solar cells shall meet all performance requirements of
Paragraph 4.0 after being subjected to a rate of change of temperature
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of 30°C per minute over a temperature range of -196 to +140°d
-~ in accordance with Paragraph .6.5. This shall be a design

goal for type P/IN cells.

3.3.5 Rith Temperature - Vacuum - The type N/P solar cells shall meet all
performance requirements of Paragraph 4.6 after exposure to a tempera-
ture of lO°0C and a vacuum of 1 x 10"5 Torr for a period of 168 hours,
plus an exposure of 2000C for 1 hour, when tested in accordance with
Paragraph 4.6.6. Thi; shall be a design goal for type P/N cells.

3.3.6 Ultraviolet Illumination - The type NIP and type P/N solar cells shall meet
ll performance requirements of Paragraph 4.6 after being subjected to hi h

intensity ultraviolet radiation with the HAC XPS 31456-003 cover installed,
for an illumiraotion period not less than 200 hours in accordance with _.
Paragraph 4.6.7.

3.3.7 Radiation'- The solar cells with covers shall be designed to the
following requirement:

a) The solar cell design 4rith cover) shall be optimized for highs I end-
of-life absolute output under the following environmental conditions:

Radiation: 1) 7 year synchronous equat6rial orbit trapped
- .... alectrons, trapped protons, and solar flare

"protons.
2) artificial -- AFAPL Table I, 25 May 1970

Temperature: 1) 7 year soak temperature prior to artificial
exposure; +85 0 C max.

2) steady state temperature for annealing purposes
following artificial exposure; +600C

b) The Seller shall certify that 'the cells with covers applied are
optimized for the above requirements.

3.4 Interchangeability - Solar cells bearing the same part number shall be
physically and functionally interchangeable without selection or fit.
The HAC part number for these cells shall be that shown on the Cell
Drawing.

4.0 TESTS

4.1 General

4.1.1 Test Apparatus - All meters, scales, thermometers, and similar measuring
test equipment used in conducting tests specified herein shall beaccurate within 1 percent of the full scale value. Full-scale deflection
of meters should not be more than twice the maximum value of the quantity
being measured. All test apparatus shall be calibrated at suitable
intervals and records of such calibration shall be available for inspection
by RAC. HAC may examine the Seller's test equipment and determine that
the Seller has available and utilizes correctly, gauging, measuring and
test equipment of the required accuracy and precision, and that the instru-
ments are of the proper type and range to make measurements of the
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U
t required accuracy. The calibration of gauges, standards, and instruments

shall be checked in a mutually agreed upon pricary standards laboratory
if disputes concerning performance occur. The cost of such check is to
be borne by Seller.

4.1.2 Test Records - Records shall be kept of all tests and of applicable
manufacturing data and these records shall be made available for
inspection by HAC. Prior to and following each test of Paragraph 4.5,
a thorough visual examination of the test solar cells shall be
conducted. All physical markings, defects and other visual characteristics
shall be noted and recorded as a portion of the test records.

4.1.3 Test Conditions - unless otherwise specified herein, all tests shall
be performed at the following nominal ambient conditions:

a) Temperature 250 f 5OC

h) Relative Humidity no greater than 50 percent

4.2 Classification of Tests - Tests shall be classified as follows:

a) Acceptance tests

b) Type Approval test

4.3 Sampling Procedures - The sampling procedures for acceptance test of
Paragraph 4.5 shall meet the requirements of Military Specification

k MKIL-STD-105D for an AQL of 2.5 percent defective excluding the 100%
electrical performance tests of Paragraph 4.5.2.

4.4 Test Locations - Unless otherwise specified in the contract, or in the
specifications, type approval and acceptance tests shall be performed
by the Seller at the Seller's plant. If the use of outside test
facilities are required, the use of these facilities shall be subject
"to approval by RAC. HAC shall have the right to witness, inspect, and
review all type approval and acceptance tests.

4.5 Acceptance Tests - A lot shall nominally consist of from 100 to 4000
solar cells, manufactured under essentially the same conditions and
submitted for acceptance at substantially the same time. The sampling
plan shall comply with Paragraph 4.3.

4.5.1 Examination of Product - The solar cells shall be inspected to
determine compliance with respect to materials, workmanship, dimensions,
and weight as specified in Paragraph 3.1.1, 3.1.2, 3.1.7,
and 3.1.12.

4.5.2 Electrical Performance - It shall be the Seller's responsibility to
perform adequate testing and to obtain and submit adequate data to
demonstrate that the power output requirements of Paragraph 3.2 are met.
In addition to tte Seller's tests, HAC will conduct at its option 100
percent electrical performance tests of delivered solar cells. Solar
cell power output shall be determined at a cell block temperature of
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25 2°C.

4.5.2.1 To comply with Paragraph 3.2 and 3.2.1 a samplc of 100 solar cells from
the first lot shall be selected in a randou manner proportional to the
distribution of the lot, and their electrical performance (I-V curve)
determtad in sunlight as specified in Paragraph 3.2.1. Such measure-
ments shall be performed on two separate days to obtain an average air
mass zero short-circuit-current for each cell. The average of the short
circuit currents of these secondary standards shall be used to set and
maintain solar simulation light source intensity level and thereby
establish acceptance criteria for the solar cells at Seller's and Buyer's
facility.. The light source used by the Seller for the above testing
for a lot shall have HAC approval.

4.5.2.2 A sample of 100 secondary standard solar cells shall be used for no
longer than 180 days from the time of initial sunlight test, at which
time a replacement sample of 100 cells shall be selected from a current
production lot to be employed per Paragraph 4.5.2.1.

4.5.2.3 To confirm that the sample of Paragraph 4.5.2.1 remains representative
of cells from subsequent lots, a sample of 10 . but not to exceed 50 cells
from each lot shall be selected in. a random manner proportional to the distri-
Sution of the lot and electrical performance (I-V curve) determined under the
acceptance test solar simulator light source, with a Corning CS-2-60
filter placed in the light source beam. Electrical performance (I-V
curve) of the same cell sample shall also be determined under the solar
simulator light source without the filter akd a ratio (R) determined
between the average of short-circuit-current of the cell sample
measured under the two light source conditions. The ratio (R) for
each lot shall not deviate from the ratio (R) for the lot from which
the 100 cell sample was selected by more than two percent. Greater
deviation shall require selection of a replacement 100 cell sample
from the current lot per Paragraph 4,5.2.2.

4.6 Type Approval Tests - Type approval tests, when required by the contract
shall be conducted in the manner described below and prior to initial
cell deliveries. A sample of .100 solar cells, unless otherwise noted,
shall be selected at random from a production lot. When two or more
test cells fail to meet the requirements of this specification, the
extent and cause of failure shall be determined and corrective action
initiated. After corrective, action has been taken, type approval and
acceptance tests shall be repeated as required based upon review of the
failure analysis by HAC and the Seller. Cells subjected to type
approval test shall not be used for flight hardware, but shall be
deliverable to the Buyer at completion at TAT. The solar cells thall
be subjected to type approval tests in the order listed below. Each
test shall be performed on the entire 100-cell sample unless otherwise
noted* rIgradation of individual cell output shall not exceed 5 percent,
and degradation of the sample average power output shall not axceed 2
percent, at completion of the TAT Program. The preceding applies to type
N/P cells. Type P/N cells shall be subjected to type approval tests for
engineering information only.
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4.6.1 Initial Tests - All solar cells seiected for the type approval test
program shall first be subjected to acceptance tests in accordance with
Paragraph 4.5 including sub-paragraph 4.5.2 and meet a!l the requirements
of Section 3.0 including sampLe output and cell minimum power output.

4.6.2 Covering Loss - The Seller shall apply HAC XPS31456-003 covers to 50
cells raadomly selected from the first lot to verify compliance to the
covering loss requirement #f Paragraph 3.1.12. A Certificate of
Compliance shall be provided for all subsequent lots.

4.6.3 Temperature Variation - The Seller shall provide test data (I-V curve)
on 50 sample cells from the first lot to determine the poltage-
current characteristics of the cells at -50 0 C, OC, +50 C and 100OC.
The test snall be run with a constant illumination source as specified
in Paragraph 3.2.1 or HAC-approved alternate. A Certificate of
Compliance shall he provided for all subsequent lots.

4.6.4 Te...•.ature and Ttumidity - fhe test specimens shall be placed in a
sealed test chamber and the tnmperature and humidity raised to 95%
t57. relative humidity and 45 - 50C. The test specimens shall be exposed
to this environment for 30 days. At the tnd of this period, electrical
performance test in accordance with Paragraph 4.5.2. shall be conducted
and the requirements of Paragraph 3.2 shall be met using a laboratory
light source calibrated per Paragraph 4.5.2.

4.6.5 Thermal Shock - The solar cells shall be subjected to five temperature
cycles rt aominimum thermal rate of 300 per minute between the extremes..
of 140 - 10 C and -196 - 100C. The solar cells shall remain at the
extremes for a minimum of one hour . Electrical performance tests in
accordance with Paragraph 4.5.2 shall then be conducted and the require-
ments of Paragraph 3.2 shall be mot using a laboratory light source
calibrated per Paragraph 4.5.2.

4.6.6 H Igh-Temperature Vacuum - The solar cells ahall beglaced in a test cham-
ber reduced in pressure to a Vacugm of at least 10 Torr. The tempera-
ture shall be raised to 140° 10 C. The solar cells shall remain in
the chamber for a period of 168 0 hours. The cells shall similarly be
exposed to a temperature of 200 C for 1 hour in vacuum. At the end of
this period, the cells shall be allowed to return to room ambient temp-
erature and the electrical performance tests in accordance with Para-
graph 4.5.2 shall be conducted and the requirements of Paragraph 3.2
shall be met.

4.6.7 IT'tra-Vinlar- T111,umnarlan Tmet - Fifteen of the 100 type approval solar
cells shall be subjected to high intensity utlta-violet radiation from
a Model No. 700-j Ultra-Violet lamp unit manufactured by Shannon
Luminous Materials Company, Hollywood, California, or the equivalent.
The cells, with cover applied, shall be positioned normal to the
irradiation with the active cell areas facing the illuminating source.
The cells shall be positioned about the centerline of the lamp unit at
a distance of approximately 3½ inches from the open end of the lamp
housing. Forced air cocling shal) be employed to maintain the cells
at a temperature in the range 40 to 50 C. Duration of the test shall
be 200 hours. Upon completion, the cells shall be tested for electrical
performance in accordance with Paragraph 4.5.2, and the requirements of
Paragraphs 3.2 shall be met using a laboratory light source calibrated
per Paragraph 4.5.2. In lieu of performing the ultraviolent radiation
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test the Seller may provide sufficient evidence and certification
that similar solar cells employing the same materials of construc-
tion have satisfactorily completed the test.

4.6.8 Radiation - The solar cells with covers applied may be subjected by the

Buyer to radiation testing to verify the requirements of ParegrAph 3.3.7.

4.7 Retest - Any changes made unilat2rally by the supplier in manufacturing
techniques, processes, materials, quality control levels, manufacturing
sites or ty'e of manufacturing equipment shall be cause for complete
retest per Paragraph 4.6 at no cost to HAC.

4.8 Hughes Aircraft Company Tests - If after receipt by Hughes, a number of
solar cells prove defective, such .?s to indiicatc a vendor process control
problem, the individual cells or Lhe entire lot may be rejected.

5.0 PREPARATION FOR DELIVERY

5.1 Shipping Container - The Seller shall provide containers of the size
required for the delivery lots. Containers shall employ sealed
humidity barrier bags with a desiccant quantity capable of assuring
relative humidity no greater than 30 percent. The Seller shall
demonstrate the suitability of the humidity capability of the desiccated
container during packaging of the initial delivery lots. An indicator
of desiccant water absorption shall be provided. All materials used
in the shipping container shall be non-flaking and non-shredding.

5.2 Identification - Each solar cell shipping box shall be legibly identified
by the following:
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a) MAC Part Number (Specification and Drawing Number)
b) Seller's Part Number
c) Month and year of manufacture

d) Lot number

e) Category (refer to Paragraph 3.2)
f) HAC Purchase Order Number

8) Cell type (P/N or N/P)

6.0

6.1 General - The materials, processes aei assembly covered by this
specification shall be subjected to extensive inspection and testing by
both the Seller and HAC.

6.2 Inspection

6.2.1 Seller Inspection - Product quality assurance shall be provided by the
Seller by a series of in-process inspections commencing with receipt
of raw materials and parts, and continuing through the finished product.
The selected inspection points shall have the approval of WAC. A
record shall be maintained of all inspection and be subject to review
by RAC.

6.2.2 RAC Source Inspection - The Hughes Aircraft Company shall at its option
provide inspection to adequately monitor the Seller's quality control
effort including in-process inspection and in-process tests. The
complete hardware may be source inspected by HAC to assure that the
product conforms to all the requirements specified by the applicable
drawings and specifications and may include witnessing of acceptance
tests.

6.2.3 Rejected Assemblies - Rejected assemblies shall not be resubmitted for
approval without furnishing full particulars concerning the rejection,
the measure taken to overcome the defects, and the prevention of their
future occurrence. Each rejected assembly shall be identified by a
serialized rejection tag. This rejection tag shall not be removed until
rework requirements have been complied with, and the tag shall be removed
only by, or in the presence of, an authorized representative of £AC.

6.3 Uniformity of Product - The Seller shall submit for HAC approval t:ffiaient
documentation to describe the cell and process required. ChangeL shall
be subject to the requirements of Paragraph 1.5. The documentation
shall ipclude:

a) Detailed Physical Description of Solar Cell

- Seller's drawing (if used)
- Starting material parameters, such as:

- purity
- dislocation density
- dopant material, dopant level, and original chemical form

Hall coefficient
- oxygen content
- crystal orientation
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- silicon source
- junction depth
- lithium concentration at junction, and concentration profile

(for type P/N cell)
- contact composition and substrate temperature during deposition
- other data as required to describe the cell

b) Quality Assurance Program, including a detailed flew chart: The
flow chart shall show all processing steps and control/inspection
points and procedures, including methods of lithium -concentration
monitoring and control.
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1.0 SCOPE

1.1 This specification covers the requirements for the design and
construction of a photovoltaic solar cell to be used on spacecraft solar panel
assemblies.

1.2 Design Requirements - The solar cell shall be designed to meet
all reouirements specified herein. Test programs shall be successfully completed
demonstrating the ability of the solar cell to meet all performance requirements
of this specification. The solar cell shall be designed for optimum operation
in accordance with the following relative priority list:

a) Reliability
b) Air mass zero sunlight conversion efficiency
c) Spectral characteristics
d) Thermal characteristics
e) Weight

1,3 Conflicting Requirements - Conflicting requirements arising
between this specification and any other specification or drawing listed herein
shall be referred in writing to Hughes Aircraft Company (HAC) for interpretation
and clarification.

1.3.1 Requests for Deviation - Requests for deviation from this
specification, applicable drawings, specifications, publications, materials and
processes specified herein, shall be considered design changes or design deviations
and shall not be allowed except by written authorization from HAC.

1.4 Materials, Parts and Processes - When a material, part or process
is not specified herein, the Seller's selection shall assure the highest uniform
quality and condition of the product suitable for the intended use, and such
selection shall be submitted for the review and concurrence of HAC, with the
e-xception of such materials, parts and processes involving information proprietary
to the Seller, in which case the Seller shall provide suitable documents showing
specification compliance.

15 hanges - Any change in materials, partsa process or manufacturing
area shall require tne prior approval of HAC. HAC may require that additional
testing be performed prior to granting approval of any vendor-negotiated change
request.

2.0 APPLICABLE DOCUIeNTS

2.1 The followJng documents of the date and/or revision shownmare-a part
of this specification to the extent noted in subsequent paragraphs:

M Iilitary Specifications

MIL-STD-10D Sampling Procedures and Tables for inspection
by Attributes, 2 i'arch 1964

Hughes Aircraft Conpany Drawings

PS 30660-083 Procurement Spec.-fication, Solar Cell Cover

pRCCURET01T SPECIFICATIO.' HUGHES AIRCRAFT CO.

OCULYvR CITY, CALIF. 2 D s 3m660-e0/L,,I UL. CODE2 IDET 4O.827 .
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3.0 REZUIRUMITS

3.1 Desit'n Description - The sclar cell shall be ncminally 10
(7-14 ohm-cm. bulk resistivity) c.: j-cm shallow diffused silicon N-on-P junction
type with coverglass applied. Thb individual solar cells with coverglass
installed shall be capable of bei, ., electrically interconnected oy means of a
soldering assembly processj in se-ies-parallel groups.

3.1.1 Configuration - 2he dimensions and overall ccnfiguiAuon of the
solar cell shall conform to the Htghes Source Control Drawing. The solar cell
cover shall conform to HAC Procurement Specification PS 30660-083.

3.1.2 Cell Defects - The maxim,,m perimetric chip allowed shall be
0.025 inch deep by 0.150 inch long and the maximum corner chip shall be 0.060
inch on the hypotenuse. Surface nicks shall not exceed 0.050 inch x 0.050 inch.
Cracks shall not be allowed. Silicon monoxide shall have no voids larger than
0.075 inch in diameter, and no more than five voids between 0.045 and 0.075 inch
in diameter, and no more thau 10 voids between 0.015 and 0.045 inch. Voids not
detectable by the unaided eye shall be neglected.

3.1.2.1 Cell Cover Defects - Chips shall not extend more than 0.015
from the edge, with maximum legs on corner chips of 0.025 inch. The cell covers
shall contain no bubbles larger than that specified for its overall thickness.
The following criteria shall be used in determining the alluwable bubbles in the cell
covers:

a) For cover thicknesses greater than .025", the maximum diameters of
included bubbles shall be .015".

b) For cover thicknesses between .015" and .025", the maximum diameters of
included bubbles shall be .010".

c) For cover thicknesses between .006" and .015", the maximum diameters of
included bubbles shall be .005".

d) For cover thicknesses less than .006", close, bubbles of .005" maximum
diameter and open bubbles no greater than .003" shall be acceptable.

a) Included bubbles of less than .005" diameter shall be discounted in cevers
of all thicknesses. The allowable number of bubbles of the maximum
size specified shall not exceed three for an equivalent 2 x 2 area,

Cracks shall not be alloved. These conditions shall not conflict with Paragraph
3.1.2.3.

3.1.2.2 Cell Cover Adhesive Defects - There shall be no evidence of
delvminatioa or discoloration in the ad7hesive. lOX magnificant shall be used
for determining delamination. Adhesive voids along the cover edges shall sot
exceed 0.015 inch in depth. Adhesive bubbles other than at the cover edges
shall not exceed 0.015 inch in diameter and there shall.be no more than five
such bubbles per cell, discauntimg bubbles less than 0.005 inch in diameter.

3.1.2.3 Dfre Cell Fxposure - 17o portion of the active area of the solar
cell shall be exposed with rcspect to the coverslide, or with respect to the "N"
contact solder film, except for the solder coverage allowance defined in Para. 3.1.7.

PEOCUcoE1m51;T SPM17FICATION HUGHES AIRCRAFT CO.SOLAR CELL CULVER CITY, CALIF. 3 D PS 306&)-080
COD2 IENT 1`1O.82577 ism NO. IRV LTR INUMnER

143



3.1.3 Solar Cell Absoptance and Eaittance - Average emittance of the
active area of the solar cIl top surface wita tne coverglass applied, shall not
be less than 0.83 from 250 C to 125' C. Average absorptance to solar radiation
in the wavelength region 0.2 to 2.5 microns shall not exceed 0.82. The Seller
shall certify that the solar cells meet this requirement.

.3.1.3.1 Ultraviolet Cutoff Filter - The ultraviolet cutoff filter on
the cell cover shall have the following cnaracteristics.

Wavelength Transmittance
(Microns) (percent)

From 0.300 to 0.370 Less than 1 average
o.40o +_ 0.015 50

The Seller will certify that the filter on the solar cell cover meets this
requirement.

3.1.4 Negative Contact - The exposed negative (top) contact of the
call shall be free of adhesive or foreign material which could interfere with
solderability. The contact shall conform to the requirements of Paras. 3.1.6
and 3.1.7.

3.1.5 Positive Contact - The positive contact surface of the cell
shall be flat within 0.G03 inch and free of all contaminating material.

3.1.6 Plating Coverage - Plating coverage of the titanium-silver "WN
contact shall be a minimuwe of 99 percent of the "1" contact area shown on the
solar cell drawing. Plating coverage of the titanium-silver "P" contact shall be
minimum of 95 percent of the "P" area shown on the cell drawing.

3.1.7 Contact Material.- The cells shall have titanium-silver type
plated contacts, oF 11AC approved alternate, bonded to the silicon in such a
manner as to insure that the strength of the bond exceeds the strength of the
silicon when subjected to the peel test set forth in Paragraph 3.1.8. The
negative contact shall be 99 percent covered with a solder film. The negative
grids under neath the coverglass shall be 90 percent covered with a solder film.
The positive contact shall have a minimum of 90 percent solder coverage of the solder
area shown on the solar cell drawing.

3.1.8 Peel Test - As part of the in-process testing, the following
test shall be performed by th, Seller and a certificate of Compliance shall
be issued certifying for 11AC acceptance purposes that the test has been performed
as described herein. The peel test will be done as an in-process test and not
as a portion of lo+. acceptance testing.

After contact deposition, each solar cell shall be tested by
applying Scotch Brand No. 810. Tape or approved equivalent to the cell U-contact,
grids, and P contact surfaces. The tape is pressed to transparency, and then pulled
away from the contact with a uniform continuous pull. On the N contact (and grids)
the pull shall begin at one end of the contact bar and progress toward the other
end. Each cell is then examined "or ccuforrmance to the contact coverage requirements
(Paragraph 3.1.6 of the specification.) Any cell not meeting the above requirements
is rejected.

PIRCCURZ:,01T SMEIFICATI0N HUHE AIRCRAFT CO.
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Tape used in the peel test shall be traceable to the manufacturer's
production lot. Procedures for storage requirements, shelf life indication and pull
test shall be approved by HAC.

3.1.9 Weight - Total assembled solar cell weight including the cover-
glass shall not exceed. that specified on the cell drawing.

3.2 Power Output - The power output of solar cells with ILAC PS 30660-
083 coverglass applied u~der air mans zero spectral conditions, and solar radiation
intensity of 139.6 mw/cm shall meet the following requirements:

Test Conditions

Temperature, 6C Voltage, Volts Power, Milliwatts*

25 + 2 0.445 + 0.002 55.85 minimum average per lot
51.18 minimum per cell

*The electrical performance of the sola.- cell shall be measured
with an illumination source as specified in Paragraph 3.2.1. The Seller shali
submit adequate data with each lot showing specification compliance.

The Seller shall separate solar cells into two milliampere
(2 MA) categories according to their current output at 0.445 volts and identify the
categories in all deliveries to HAC. The categories will be determined at the
above test conditions in the following manner:

1) Category I will consist of those solar cells whose current output is
equal to or greater than 115 milliamperes and less than or equal to 117 milliamperes.

2) Category 2 will consist of these solar cells whobi current output is
greater than 117 milliamperes and less than or equal to 119 miliamperes.

3) Categories 3 and up will consist of cells in consecutive two-milliampere
categories above 119 milliamperes.

The Seller shall submit test data to the Buyer to certify that
this requirement has been satisfactorily completed.

3.2.1 IiI mination Sources - The source of radiation used to illuminate
the cell for purposes of confirming cell power, Para. 3.2, shall be sunlight at
the Earth's surface at Table Mountain, California, or at other HAC-approved
test sites with the following minimum sunlight conditions:

1) Illumination intensity shall be greater than 96 mw/cm2 equivalent space
solar radiation measured from the calibrated space cell; i.e., Ii shall be 1.26.
M is defined as the ratio of the space cell's short circuit current in space to
the cell's short circuit current under test conditions.

2) No visually detectable precipitation.

3) No fluctuating cloud cover.

4) No testing shall be performed before 9:00 a.m. or after 3:00 p.m.,
Standard time.

PR0CRE?4~NT PECIICATC~i HUGHES AIRCRAFT CO.
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The calibrated space cell. to be used shall be a RAC Primary
Standard Cell or a HAC-approved secondary standard cell calibrated to 139.6
mw/cm2 , air mass zero illumination, and a temperature of 25CC.

A collimating tube equipped with baffles may be used, in which
case it shall be used for both the space cell measurements and cells under test.
The tube shall have a minimum length-to-diameter ratio of 10. The power output
under these conditions shall be corrected to air mass zero by multiplying by M.

3.2.2 Intensity Variation - The Seller shall provide test data
(I-V curves) on 50 sample cells from the first lot to establish the voltage-
current characteristic of the cells at 100, 115, 130, and 150 milliwatts ger square
centimeter illumination intensities. The cells shall be maintained at 25 C
throughout the test. The illuminatiou source shall be calibrated using the cells
and data obtained froi. the tests of Paragraph 4.5.2. Light intensity shall be
preset to achieve a proportionate increase in the test cells short circuit current.
A certificate of Compliance shall be provided for all subsequent lots. The
requirement of this paragraph shall be met by the tests of Paragraph 4.6.2.

3.2.3 Te.iperature Variation - The Seller shall provide test data
(I-v curves) on 50 sample cells from the figst lot to determine the voltage-
current characteristics of the cells at -50 C, 0 C, 50°C and 1000C. The tests shall
be run with a constant illumination source as specified in Paragraph 3.2.1 or
HAC-Approvcd alternate. A Certificate of Compliance shall be provided for all
subsequent lots. The requirement of this paragraph shall be met by the tests of
Paragraph 4.6.3.

3.3 Environmental Performance - The solar cells shall meet all

perfornance requirements of this specification including power output as defined
in 3.2, prior to the environmental conditions specified herein. (Ref. Para. 4.6
for degradation as a result of testing.)

3.3.1 Storage - The covered solar cells shall be capable of meeting
the storage requirements specified below.

a) The solar cells shall be capable of meeting all performance
requirements of Para. 3.2 afte'r storage at a relative humidity of 50 percent
maximum and at a temperature of 210 * 15? C for a period of 24 months.

b) The solar calls shall be capable of meeting all performance
requirements of Para. 3.2 after storage at a relative humidity of 95 percent

maximum and at a temperature of 240 + 200 C for a period of one month.

3.3.2 Temperature - Hu~midity - Ine solar cells shall meet all performance
requirements of Para. [.0 after bEing tested in accordance with paragraph 4.6.4.

3.3.3 Operational Lfe - The solar cells shall be designed for a
minimiu operational life of seven years in the space environment.

3.3.4 Thermal Shock - The solar cells shall meet all performance re-
quirements of Para."4.u ateTr being subjected to a rate of change of temperature of
30*J C per minute through a" tAmperature range between 1400C and -196°ac in accordance

with paragraph 4.6.5.
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3.3.5 Higlh Temperature - Vacuum - The solar cells shall meet all per-
formance requirements of Para. 4.6 after exposure to a temperature of lhOo C and
a vacuum of 1 X lo15 Tbrr for a period of 168 hours when tested in accordance
with Paragraph 4.6.6.

3.3.6 Ultra-Violet Radiation - The solar cells shall meet all performance
requirements of Para. 4.6 after being subjected to high intensity ultra-violet
radiation for an illumination period not less than 200 hours in accordance with
Paragraph 4.6.7.

3.4 Interchangeability - Solar cells bearing the same part number
shall be physically and functionally interchangeable without selection or fit.
The M1AC part number for these solar cells shall be that shown on the Source
Control Drawing.

4.0 TESTS

4.1 General

4.1.1 Test Apparatus - All meters, scales, thermometers, and similar
measuring test equipment used in conducting tests specified herein shall be
accurate within 1 percent of the fill-scale value. Full-scale deflection of
meters should not be more than twice maximum value of the quantity being
measured. All test appartus shall be calibrated at suitable intervals and
records of such calibration shall be available for inspection by RAC. hAC
may examine the Seller's test equipment an,' determine that the Seller has
available and utilizes correctly, gauging, measuring and test equipment of
the required accuracy and precision, and that the instruments are of the proper
type and range to make measurements of the required accuracy. The calibration
of gauges, standards, and instruments shall be checked in a mutually agreed
upon primary standards laboratory if desputes concerning performance occur, the
cost of such check is to be borne by Seller.

4.1.2 Test Records - Records shall be kept of all tests and of
applicable manufacturing data and these records shall be made available for
inspection by RAC. Prior to and following each test of Paragraph 4.6, a
thorough visual examination of the test solar cell shall be conducted. All
physical markings, defects, and other visual characteristics shall be noted
and recorded as a portion of the test records.

4.1.3 Test Conditions - Unless otherwise specified herein, all tests
shall be performed at the following nominal ambient conditions:

a) Temperature 250 + 50 C

b) Relative humidity no greater than 50 percen÷

4.2 Classification of Tests - Tests shall be classifed as follows:

a) Acceptance Tests

b) Type Approval Tests
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4.3 Sampling Procedures - The sampling procedures for acceptance

tests of Paragraph 4.5 shall meet the requirements of Military Specification
MIL-STD-105l for an AQL of 2.5 percent defective, excluding the bare cell
exposure requirements of Para. 3.1.2.3 and the electrical performance test of
Paragraph 4.5.2.

4.4 Test Location - Unless otherwise specified in the contract,
type approval and acceptance tests shall be performed by the Seller at the
Seller's plant. If the use of outside test facilities are required, the use
of these facilities shall be subject to approval by RAC. MAC sball have the
right to witness, Inspect, and review all type approval and ac:eptanct tests.

4.5 Acceptance Tests - A lot shall nominally consist of from 1000
to 8000 solar cells, manufactured under essentially the same conditions and
submitted for acceptance at substantially the same time. The mapling plan
shall comply with Paragraph 4.3. Lot sizes shall be defined ia the Statement
of Work.

4.5.1 Examination of Product - The solar cells shall be inspected
to determine compliance with respect to materials, workmanship, dimensions, and
weight as viecified in Paragraphs 3.1.1, 3.1.2, 3.1.2.1, 3.1.2.2, 3.1.4, 3.1.5,
3.1.6 and 3.1.9. In order to insure compliance with Para. 3.1.2.3 and 3.1.7,
100A inspection will be carried out by the vendor. I

4.5.2 Electrical Performance - It shall be the Seller's responsibility
to perform adequate testing and to obtain and submit adequate data to demonstrate
that the power output requirements of Paragraph 3.2 are met. In addition to
the Seller's tests, HAC will conduct at its option 100 percent electrical
performance tests of delivered solar cells. Solar cell output shall be determined
at a temperature of 25 + 20 C.

4.5.2.1 Tb comply with Paragraph 3.2 and 3.2.1 a sample of 100 solar
cells from the first lot shall be selected in a random manner proportional to the
distribution of the lot, and their electrical performance (I-V curve) determined
in sunlight as specified in Paragraph 3.2.1. Such measurements shall be performed
on two separate days to obtain an average air mass zero' short-circuit-current for
each cell. The average of the short circuit currents of these secondary standards
shall be used to set and maintain solar simulation light source intensity level
aud thereby establish acceptance criteria for the solar cells at Seller's and
Buyer's facility. The light source used by the Seller for the above testing for
a lot shall have MAC approval.

4.5.2.2 A sample of 100 secondary standard solar cells shall be used
for no longer than 180 days from the time of initial sunlight test, at which
time a replacement sample of 100 cells shall be selected from a current
production lot to be employed per Paragraph 4.5.2.1.

4.5.2.3 To confirm that the sample of Paragraph 4.5.2.1 remains re-
presentative of cells from subsequent lots, a sample of 50 cells from each lot
shall be selected in a random manner proportional to the distribution of the lot
and electrical performance (I-V curve) deterrined under 2VOO°K color temperature
tungsten illumination. Electrical performance (I-V curve) of the 50 cell sample
shall also be determined under the solar simulator light source of Paragraph 4.5.2.1
which has been set using the 100 secondary standard solsr cells, and a ratio (R)
determined between the average of short-circuit-current of the 50 cell sample
measured under the two light sources. The ration (R) for each lot shall not
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deviate from the ratio (R) for the lot from which the 100 cell sample was
selected by more than two percent. Greater deviation shall require selectionof a replacement 100 cell sample from the current lot per Paragraph 4.5.2.2.

4•.6 Type Approval Tests - Type approval tests, when required

hy the Statement of Work, snall be conducted inthe manner descrjbed below and
prior to initial cell deliveries. A sariple of 100 solar cells with coverglass
shall be selected at random from a production lot. When two or more test cells
fail to meet the requirements of this specification, the extent and cause of

failure shall be determined and corrective action initiated. After corrective
action has been taken, type approval and acceptance tests shall be repeated as
required based upon review of the failure analysis by HAC and the Seller. Cells
subjected to type approval tests shall not be used for flight hardware but
shall be deliverable to the Buyer at completion of TAT. The solar cells shall
be subjected to type approval tests in the order listed below. Each test shall
be performed on the entire 100-cell sample unless otherwise noted. Degradation
of the sample average power output shall not exceed 2 percent at completion
of TAT program.

4.6.1 Initial Tests - All solar cells selected for the type approval
test program shall first be subjected to acceptance tests in accordance with
Paragraph 4.5 including sub-paragraph 4.5.2 and meet all the requirements of
Section 3.0 including sample average power output and cell minimum power output.

4.6.2 Intensity Variation - The Seller shall provide test data on
50 sample cells from the first lot to establish tlie voltage-current characteristic
of the cells at 100, 115, 130, and 150 milliwatts0 per square centimeter illumination
intensities. The cells shall be maintained at 25 C throughout the test. The
illumination source shall be calibrated using the cells and data obtained from
the tests of Paragraph 4.5.2. Light intensity shall be preset to achieve a
proportionate increase in the test cells short circuit current. A Certificate
of Compliance shall be provided for all subsequent lots.

4.6.3 Temperature Variations - The Seller shall provide test data
(I-V curves) on 50" ji•.e ce`.ls from thei first lot to determine the voltage-
current characteristics of the cells at -500 C, 00 C, 500 C and 1000 C. The
tests shall be run with a constant illumination source as specified in Paragraph
3.2.1 or HAC-approved alternate. A Certificate of Compliance shall be provided
for all subsequent lots.

4 4.6.14 Temnerature and Humidity - The test specimens shall be placed
in a sealed Sest chami'.er and the temperature and humidity raised during a 2-hour
period to 52 C and 95 percent relative humidity, respectively. At the end of a
6-hour soak period, the heat source for the chamber will be turned off. During
the following 16-hour period, the temperature shall drop at a uniform rate to
370 C or less. Three such 24-hour cycles shall be performed consecutively. At
the end:of this period, electrical performance tests in accordance with
Paragraph 4.5.2 shall be conducted and the requirements of Paragraph 3.2 shall
be met using a laboratory light source calibrated per Paragraph 4.5.2.

PRocuRHEMENT SPMIFICATION HUGHES AIRCRAFT CO.

SOLAR CELL CULVER CITY. CALIF. SD PS 3 o660-0,oq
CODE IDENT NO. 82577 SH 71 . rSV LTq NUMOER

149



4.6.5 Thermal Shock - Te solar cells shall he subjected to five
te(mperature cycles aL. a wiriDum thermal rate of 30 C per minute between the
e#xtremes of 140 + IGO C or above and -12)6 + 100 C or below. Tne solar cells
s.ail reoaiai at Che extremes I'cr a msiniaL-, of one hour. Electrical perfonrance
tests in accordance with Parag:raph 4.5.2 zhall then oe conducted and the
requirements of Paragraph 3.2 s•all be met using a laboratory light source
calibrated per Paragraph 4.5.2.

4.6.6 Hi!,h Temoerature-Vacuum - The solar cells shall be placed in
a test chanler and t•, c ncaer re'.uccd iii pressure to a vacuum of at least 1O-
'"orr. The temperawure shall be raised to 1400 + 10o C. The sElar cells shall
remain in the chamber for a period of 168 hcurs_ At the end cf this period, the
cells shall be allcwed to retLu_-n to rocm axbicat temperature and the electrical
perlormance tests in accordance with Paragraph 4.5.2 shall be conducted and
the requirem.ents of Paragraph 3.2 shall be wet using a laboratory light source
calibrated per Paragraph 4.5.2.

4.6.7 Ultra-Viclet Rud'ation _est - Fifteen of the 100 type approval
solar cells shall %be 'cuecrcd to nikgh inteasity unltra-violet radiation frcm
a Model No. 700-J Ultra Violet lamp unit manufactured by Shannon LIminous
Materials Company, Hollywood, California, or the equivalent. The cells shall
be positioned normal to the irradiation with Lhe active cell areas facing the
illwninating source. The cells shall be positioned about the centerline of
the lamp ,,nit at - distance of approxitaPitely 321 inches frcm the open end of
the lamp housing. Forced air cooling shall be employed to maintain the cells
at a temperature in the ranie 40e to 5)0 C. Duration of the test shall be
200 hours. Upon completion, the cells shall be tested for electrical
performance in accordance with Paragraph 4.5.2 and the requiremcat. of
Parag~raph 3.2 shall be met using a laboratory light scurce calibrated per
Paragraph 4.5.2. In lieu of performing the ultraviolet radiation test the
Seller may provide sufficient evidence and certification that similar solar
cells employing the same materials of construction bave satisfactorily compl -ted
the test.

4.6.8 Paragraph 3.1.2 and 3.2 shall apply after each test in
paragraphs 4.6.4, 4.6.5, 4.6.6 and 4.6.7.

4.7 Retest - Any changes made unilaterally by the supplier in
manufacturing techniques, processes, materials, quality control levels, mamu-
racturing sites cr type of manufacturing equipment shall be cause for complete
retest per Paragraph 4.6 at no cost to IiAC.

4.8 Hurhes AIrcraft Comn.any Tests - If after receipt by Hughes,
a ntnober of solar cells prove dfu7t-ive, such as to indicate a vendor process
control problem, the individual cells or the entire lot way be rejected.
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5.0 PREPARATION FOR DELIVERY

5.1 Shippin,' Container - The Seller 8hall provide containers of the
size required for the delivery lots with a desiccant quantity capable of assurinp
container ambient relative humidities of no preater than 30 percent in compliance
with the requirements of Paragraph 3o. 3A. Solar cells may be packaped in an area
with an ambient relative humidity no greater than 50 percent provided that the
desiccant capability will reduce the relative humidity inside the container to a
level no greater than 30 percent within a time period not to exceed 148 hours.
The Seller shall demonstrate the suitability of the relative humidity capability
of the desiccated container during packaging of the initial delivery lots.
Desiccant may be replaced by Seller periodically, if necessary, An indicator of
desiccant water absorption shall be proviled. All materials used in the shippin?
container shall be non-flakinp and non-shredding. Cells will be packed in cell
trays within the shipping container. Trays will be supplied by H. A. C. The
tape used in bundling the trays together shall leave no residue.

5.p Identification - Each solar cell shipping box shall be legibly
identified by the following:

a) HAC Part Number (Specification and Drawing Number)

b) Seller's Part Number

c) Month and year of manufacture

d) Lot number

e) Category (refer to Paragraph 3.2)

f) RAC Purchase Order Number

IPROCUREMEFNT SPECIFICATION HUGHEjS AIZCRArT CO. 11 D IPs 3o,' 6o-Wn~
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6.0 QUALITY ASSURANCE PROVISIONS

6.1 General - The materials, processes and assembly covered by this
specification shall be subject to extensive inspection and testing by both the
Seller and HAC.

6.2 Inspection

6.2.1 Seller Inspection - Product quality assurance shall be provided
by the Seller by a series of in-process inspections commencing with receipt of
rawmaterials, and parts and continuing through the finished product. The
selected inspection points shall have the approval of HAC. A record shall be
maintained of all inspection and be subject to review by HAC.

6.2.2 HAC Source Inspection - The Hughes Aircraft Company shall at its
option provide inspection to adequately monitor the Seller's quality control
effort including in-process inspection and in-process tests. The complete
hardware may be source inspected by HAC to assure that the product conforms to
all the requirements specified on the applicable drawings and specifications
and may include witnessing of acceptance tests.

6.2.3 Rejected Assemblies - Rejected assemblies shall not be resubmittedfor approval without furnishing full particulars concerning the rejection, the

measure taken to overcome the defects, and the prevention of their future occur-
rence. Each rejected assembly shall be identified by a serialized rejection
tag. This rejection tag shall not be removed until rework requirements have

been complied with, and the tag shall be removed only by, or in the presence of,
an authorized representative of HAC.
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1.0 SCOPE

This specification provides the requirements for the design and
construction of covers for blocking solar cells to be used on space-
craft solar panel assemblies. The blocking solar cell covers shall
be capable of being bonded to blocking solar cells with a suitable
adhesive.

This specification applies to second surface Al mirrors to be
manufactured far use as thermal control devices on space vehicles.
Since this device may be used in hardened applications, all chemical
elements must be of low Z material.

1.1 Design Requirements

The blocking solar cell cover shall be designed to meet all require-
ments specified herein. Test programs shall be successfully
completed demonstrating the ability of the blocking solar cell cover
to meet all performance requirements of this specification. The
blocking solar cell cover shall be designed for optimum operation in
accordance with the following relative priority list:

1) Reliability

2) Thermal Characteristics, i.e., low a and high c

3) Radiation hardness

4) Weight

1.2 Materials, Parts and Processes

When a material, part or process is not specified herein, the Seller's
selection shall assure the highest uniform quality and conditon of the
product suitable for the intended use, and such selection shall be
submitted for the review and concurrence of HAC, with the exception
of such materials, parts and processes involving information
proprietary to the Seller, in which case the Seller shall pro'vide
suitable documents showing specification compliance.

Any change in materials, parts, process or manufacturing area shall
require the prior approval of HAC. HAC may require that additional
testing be performed, at no cost to HAC, prior to granting approval
of any vendor. negotiated change request.
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2.0 APPLICABLE DOCUMENTS

The following documents form a part of this specification to tne
extent referenced herein:

MIL-O-13830A Military Specification "Optical Components
for Fire Control Instruments; General
Specification Governing the Manufacture,
Assembly, and Inspection ofý'

MIL-C-k75A Military Specification "Coating of Glass
Optical Elements"

MIL-M-13538B Military Specification "Mirrors, Glass,
Front Surfaces Aluminized, for Optical
Elements"

"Hughes Aircraft Company Drawings

X 33 54450 HAC Control Drawing of Blocking
(latest revision) Solar Cell Cover

3.0 REQUIREMENTS

3..1 Design Description

The blocking solar cell cove'r shall be fabricated from Corning Glass
Works No. 794'0 synthetic fused silica, industr '1 grade.

3.1.1 Configuration. The dimensions and overall configuration of the cover
"shall be as shown on the applicable HAC Source -Control Drawing.
The Seller shall submit any detailed drawing(s) on the cover for HAC
approval.

3.1.2 Material. The mirrors shall consist of an aluminum coating, vapor

depositEd on one surface of fused silica. This coating shall be
overcoated to protect it from degradation.

3.1.3 S-irface Quality. Surface quality shall be 80-50 per MIL-O-13830A.
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3.1.4 Geometrical Tolerances. Mirror substrates shall be fabricated
to the following toler-Ances:

Dimensional Tolerance

1) Length - 0.002 inch

Z) Width 1 0. 002 inch

3) Thickness ± 0. 002 inch

4) Perpendicularity of sides 900 1 15'

5) Edge Chips 0.010 inch max projection
into face

6) Parallelism of sides ± 0. 002 inch

3.1.5 Corner Chips. Corner chips shall not exceed 0. 020 inch on either
leg or extend more than 0. 015 inch into the face of the cover.

3.1.6 Bubbles. Closed bubbles of 0. 003 inch maximum diameter and open
bubbles no greater than . 003 inch shall be acceptable.

Included bubbles of less than .005 inch diameter shall he dis-
counted. The allowable number of bubbles of the maximum size
specified shall not exceed two for an equivalent I x 1 crn area.

Cracks will not be allowed.

3.1.7 Appearance. The coated surface, when observed through the
substrate (face) by the unaided eye, shall give the appearance r-f
uniform coverage. The uncoated surface shall be free of all
metal deposition and other contamination. The overcoated suriace
(back) shall have a distinct color when viewed under white light.

f 3.1.8 Optical Properties (Face).

Absorptance (a s) of incident radiation having distribution
corresponding to the Johnson Solar Distribution shall not
exceed 0.13 when integrated between 0.28A and 2 .Sg.

The total specular reflectance from the face (K) shall be
used to calculate as using the following formula:
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j (l-RX) SX .dX

1 0. 28ML
5/2.-O0 

s d

0.284

Where the Rk is the measured reflectance at the wavelength X,
Sk is the value of the Johnson Solar constant at wavelength k,
and dk is the wavelength interval over which the integration
is made.

3.1.9 Weight. Average cover weight per lot shall not exceed that

specified on the Hughes Source Control Drawing.

3.2 Environmental Performance

The covers shall meet all requirements of this specification after
being exposed to the following tests

3.2.1 Coating Adherence. The coating shall not separate or show evidence
of separation from the substrate after being immersed in boiling
distilled water for 5 minutes and then tested using cellulose tape
conforming to LT-90-C (Ref: MIL-M-13508, Para. 4.4.6).

3.2.2 Humidity Resistance. The coated parts shall show no evidence of
degradation when tested in a thermostatically controlled humidity
chamber having a relative humidity of between 95 ald 100 per cent
and a temperature of 120" 14*F for a period of 2 4 hours. (Ref.
MIL-C-b05, Para. 4.4.6).

3.2.3 Coating Hardness. The coating shall show no evidence of degrada-
tion when rubbed a minLinum of 50 strokes in straight lines or
circular motions with a pad of clean dry cheesecloth conforming
to CCC-C-271, approximately 3/8 inch diameter and 1/2 inch
thick, bearing with a force of 1 pound minimum on the coated
surface (Ref: MILLM-13508, Para. 4.4. 5).

3.2.4 Temperature Cycle. The coating shall withstand being cooled to
the temperature of liquid nitrogen, be retained at this temperature
for 1 hour, and subsequently heated to 175° ±I10C, and retained
at this elevated temperature for a period of I hour.
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3.2.5 High Temperature Vacuum. The coating shall withstand exposure
to a temperature of 140V _10- C and a pressure of I x 10" 5 mm Hg

or less for a period of 168 hours.

3.3 Storage. The blocking solar cell cover shall be capable of meeting
t•-e strage requirements when stored in the unopened package as
delivered by the supplier as follows:

1) Storage at a relative humidity of 50 percent matimum and a
storage temperature of 21 *15*C for a period of 24 months.

2) Storage at a relative humidity of 95 percent and at a

storage temperature of 24 *20"C for a period of one month.

3.4 Operational Life

The blocking solar cell cover shall be designed for a minimum
operational life of 7 years in the space environment.

3.5 Irnerchangeability

Blocking solar cell covers bearing the same part number shall be
physically and functionally interchangeable without selection or
fit. The HAC part number for these blocking solar cell covers
shall be that shown on the Source Control Drawing.

3.6 Cleanliness

The covers as received from ihe Seller, with no other cleaning by
the Buyer, shall be free of all wax or other contamination which
may interfere with adhesive bonding of the cover to the solar cell,
or which may dqgrade dqtical properties when exposed to the space
environment. -

4.0 TESTS

4.1 General

4.1.1 Test Apparatus. All meters, scales, thermometers, and similar
measuring test equipment used in'conducting tests specified herein
shall b2 accurate within one percent of the full-scale value. Full-
scale deflection of meters should not be more than twice the
.-maximrnum value of the quantity being measured. All test apparatus
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shall be calibrated at suitable intervals and records of such calibra-
tion shall be available for inspection by HAC. HAC may examine
the Seller's test equipment and determine that the Seller has
available and utilizes correctly, gauging, measuring and test
equipment of the required accuracy and precision, and that the
instruments are of the proper type and range to make measure-
ments of the required accuracy. The calibration of gauges,
"standards, and instrxments shall be checked in a mutually agreed
upon primary standards laboratory; if disputes concerning per-
formance occur, cost of checks shall be borne by Seller.

4.1.2 Test Records. Records shall be kept of all tests and of applicable
manufacturing data and these records shall be made available for
inspection by HAC. Prior to and following each test of Paragraph
4.4, a thorough visual examination of the test cover shall be
conducted. All unusual physical markings, defects, and other
visual characteristics shall be noted and recorded as a portion
"of the test records.

4.1.3 Test Conditions. Unlass otherwise specified herein, all tests

shall be performed at the following romiral ambient conditionr:

1) Temperature 25" t5°C

2) Relative Humidity No greater than 50 percent

4.2 Sampling Procedures

Five parts per manufacturing lot will be sampled. Manufacturing
lot is equivalent to coating lot or coating batch.

4.3 Test Location. Unless otherwise specified in the contract, accept-
ance tests shall be performed by the Seller at the Seller's plant.
If the use of outside test facilities are required, the use of these
facilities, shall be subject to approval by HAC. HAC shall have
the right to witness, inspect, and review all acceptance tests,

4.4 Acceptance Tests. A shipping lot shall nominally consist of 500
to 10, 000 covers, except special lot sizes, manufactured under
essentially the same conditions and submitted for ace-eptance at
substantially the same time. Acceptance tests shall be performed
on each manufacturing lot.
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4.4.1 Individual Acceotance Tests

4.4.1.1 Dimensional Tolerances. All mirrors shall be inspected for
conformance to the dimensional tolerances specified in Paragraphs
3. 1. 1, 3. 1.4, 3. 1. 5 and 3. 1. 6. Any instrumentation used for inspec-
tion shall be capable of measuring the accuracy stated.

4.4.1.2 Surface Quality. All mirrors shall be visually inspected per
MIL-O-13830A for conformance to the surface quality specified
in Paragraph 3.1.3.

4.4.1.3 Appearance. All mirrors shall be inspected visually for confor-
mance to Paragraph 3. 1. 7. Inspection will be conducted using
white light reflected from each surface and without magnification.

4.4.2 Lot Acceptance Tests. For lot acceptance test purposes, each
coating batch shall be considered to be a lot. Unless otherwise
indicated by the appropriate test paragraph, separate groups of
parts may be selected for each test.

4.4.2.1 Cptical Properties (Face). The optical properties from the face
of the mirror shall be measured at an angle of 8* from the normal
and shall meet the following:

I

Wavelength in Microns Minimum Reflectance (percent)

0.38 87 percent
0.475 88 perceut
1 0 90 percent

Spectral measurements will be made on a minimum of three
samples of.appropriate size. .A Cary 14 Spectrophotometer
shall be used to conduct these measurements. Mirrors which
do not meet the above reflectance values may be re-evaluated
using the formula of Paragraph 3.1.8. The mirrors will be
considered acceptable providing they meet the solar absorption
requirements of Paragraph 3.1.8.

4.4.2.2 Coating Adherence. Five samples from each coating batch shall be
immersed in boiling -distilled water for a period of between 4 and 6
mii.;tes. After this time period, the parts shall be removed from
the water arn, '-" adhesive su-face of a length of 3M T.ype 600
Cellulose Tape shai applied to the coated surface of the mirror.
"Phe tape shall be applieQ - o that it extends over the test part edges.
£he applied tape shall be set by ri-hbing the back. Holding the
mirror so it will not hrea'-, the tape is removed from the mirror
surface by quickly pullir. at an oblique angle to the mirror surface.
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The metallic coating shall show no signs of delamination or
separation with the substrate.

For the lot to be accepted, all sanples tested must meet the
requirements specified in Paragraph 3.2. 1. If a failure occurs,
an additional four samples from the same batch will be tested;
any failure in the second lot shall be cause for rejection of the
entire batch. Slight imperfections, such as pinholes, are not
to constitute cause for rejection.

4.4.2.3 Humidity Resistance. Five mirrors per coating lot shall be selected
at random and submitted to the humidity test specified in Paragraph
3.2.2. Failure of any part to meet the requirements of Paragraph
3.2.2 shall constitute failure of this test.

4.4.2.4 Coating Hardness. Five mirrors previously tested per Paragraph
4.4.2.3 shall be tested per Paragraph 3.2. 3. Failure of more
than one part to meet the requirements of Paragraph 3.2.3 shall
constitute failure of this test.

4.4.2.5 C(-rtification of Thermal Cycling. Certification of compliance to
the requirements of P•aragraph 3.2.4 shall be supplied with each
shipping lot. Certification may be used in lieu of test.

Five parts per shipping lot shall be submitted to the followi.ng tests:

The temperature cycling test shall consist of three complete cycles,
per Paragraph 3. 2.4. The rate of temperature change shall be not
less than 2C per minute. During the test, no condensation shall
be allowed to forn on the mirror. Mirrors shall comply with the
requirements of Paragraph 3.2. 1 after completion of this test.

4.5 Confirmation of Optical Properties

Following all tests in Paragraph 4.4, the sample shall conform to
Paragraph 3. 1.8. HAC, at its option, will conduct tests on
delivered covers. Any covers determined during HAC tests to be
defective in such a manner as to indicate "out-of-control" process
shall be cause for rejection of the entire lot.

4.6 Reitest

Any change made unilaterally by the Seller in manufacturing
techniques, processes, materials, quality control levels, manu-
facturing sites or type of manufacturing equipment shall. be cause
for complete retest for affected lots per Paragraph 4.4 at no cost
to HAC.

4.7 Test Samples

Acceptance test samples shall not be shipped to fulfill contract
quantities. The samples shall be identified and retained for a
period of three months.

Blocking Sola- Cell Cover COO, IoENr NO. 01S7 8
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5.0 PREPARATION FOR DELIVERY

5.1 Packaging

Each mirror shall be individually wrapped in paper that will not
scratch, leave a residue, corrode the metal surface, or interfere
with cell bonding. These shall be placed in containers that will
prevent damage d ý,ring shipment. Containers shall contain mirrors
from only one lot.

5.2 Marking

I) Each individual container shall be permanently and legibly
marked with the lot number, followed by the total number
(in parenthesis) of individual mirrors in the container.

2) With each lot, the following i'fc, imation shall be supplied:

Customer part number
Mirror 1o* number
Number of individual i,,irrors per lot
Total number of containers in lot
Date of manufacture
Substrate material
Certificate of compliance

5.3 Shipping Container

The Seller shall provide containers of the size required for the
delivered lots with a desiccant capable of assuring :ontainer
ambient relative humidities of no greater than 50 percent.
Desiccant may be replaced by Seller periodically, if necessary.
An indicator of desiccant water absorption shall be provided.
All materials used in the shipping container shall be non-flaking
and non-shredding.
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6.0 INSPECTION

6.1 General

The materials, processes. and assembly covered by this
specification shall be subjected to extensive inspection and
testing by both the Seller and HAC.

6.2 Inspection

6.2. 1 Seller Inspection. Product quality assurance shall be provided by
the Seller by a series of in-process inspections commencing with
receipt of raw materials and parts, and continuing through '.he
finished product. The selected inspection points shall have the
approval of MAC. A record shall be maintained of all inspection
and be subject to review by HAG.

6.2.2 HAC Source Inspection. The Hughes Aircraft Company shall at-
its option provide inspection to adequately motsitor the Seller'sa
quality control effort including in-process inspection and in-process
tests. The complete hardware may be source inspected by HAC to
assure that the product conforms to all the requirements specified
by the applicable drawings and specifications and may include
witnessing of acceptance tests.

6.2.3 Rejected Assemblies. Rejected assemblies shall not be resub-
mnitted for approval without furnishing full particulars concerning
the rejection, the measure taken to overcome the defects, and the
prevention of their future occurrence. Each rejected assembly
shall be identified by a serialized rejection tag. This rejection
tag shall not be removed until rework requirements have been
complied with, and the tag shall be temoved only by, or in the
presence of, an authorized representative of HA C.
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1.0 SCOoE

This qualification and environmental test specification establishes the

performance parameters, test setups, test procedures, data requirements and data

analysis for evaluating the performance of the reverse current blocking diode

for flexible solar array protection.

2.0 APPLICABLE DOCMfIENTS

None.

3.0 OVERALL TEST APPROACH

The overall test approach for the reverse current blocking diode consists

of evaluation and radiation tests on preproduction samples, acceptance tests of

proeuction cells at the cell vendor, qualification tests of cells at both the

cell vendor and at Hughes Aircraft Company, and environx•ental tests of cell coupons

at Hughes Aircraft Company. All tests are listed below:

1) Evaluation Tests

Workmanship
Electrical Characteristics
Temperature Extremes
Weldability/Solderability

2) Radiation Tests

3) ASccetance Tests

Visual and Mechanical
Weight
,orward Voltage Drop
,.-ward Current
-4~rs Voltage

4) Qualification Tests

Type Approval Tests
Temperature and Humidity
Thermal Shock
High Temperature Vacuum

Vibration
Endurance.

5) Euviron'ental Tests

Mechanical Pull Test

Roll Up Test
Vacuum Chamber Test
Temperature Cyclin7 Test

Qualification and Environmentol Test c 0aiV,mIrio.r-s 3t: TS 30964-026o

1 " 1
• 1'• . " I ::- In9v

169

_____ r l-f



This specification defines Items 4 and 5 of the tests listed above, namely
the Qualification and Environmental Tests.

4.0 FINCTLONAL TESTS

4.1 Diode Voltage Drop

Purnose. - This test is designed to measure the voltage in the
forward direction, across the device under the specified conditions.

Test Setup. - This test shall be run using a Tektronix 575 or
equivalent curve tracer.

Procedure. - The current sweep is adjusted to obtain the speci-
fied values of forward current of 0.3 and 3.0 amperes. The forward voltage is
read when the forward current equals the specified values.

Sutary

a) Test Current atO.3 and 3.0 amperes.

b) Voltage Readings at 250 + 2
0

C:

0.8V maximum at 0.3 amperes.
l.ZV maximum at 3.0 amperes.

4.2 Reverse Current and Reverse Volta. e

PurpoLs. - This test is designed to measure the voltage and
current, in the reverse direction, through the device.

Tt Setup. - This test shall be run using a Tektronix 575 or
equivalent curve tracer.

Procedure. - The voltage sweep is adjusted to obtain the speci-
fied value of reverse, voltage across the device. The reverse current is then read
from the current axis.

a) Test Voltages: 50, 100, 200V.

b) Test Currents at 25) + 2°C:

0.1 millia=pere maximum at 80 volts
0.2 millioampere maximum at 120 volts
1.0 milliampere maximum at 140 volts
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4.3 Reverse Recovery Time

Purpose. - The purpose of this test is to measure the reverse
recovery time by observing the reverse transient current through a specifled
load resistance on switching from a specified forward bias to a specified re-
verse bias.

Procedure. - Adjust VI and R1 for a forward diode current of
1.5 amperes. Adjust -7- &V2 for a reverse current of 4 amps with the diode
shorted. Read the reverse recovery time trr on the oscilloscope.

Summeary

Forward Current T 1.5A
Temperature a 250 + 20C
trr : 3 bsec

5.0 DIODE QUALIFICATION TESTING

Diode qualification tests will be performed part by the cell vendor and
partly by Huohes. Qualification testb as listed below:

Vendor Tests (20 cells total, 10 aluminum contact, 10 silver-titanium contact)

1) Temperature and Humidity
2) Thermal Shock
3) High Temperature Vacuum

.Huthes Tests

1) Vibration
2> Endurance Test

Each of the planned qualification tests is described below.

5.1 Vendor Tests

"5.1.1 Temperature and Humidity

Purpose. - This test is performed for the purpose of evaluating
the performance of the diode after long term exposure to a combined high tempera-
ture, high humidity environment.

Procedure. - The test specimens shall be placed in a sealed test
cLamber and the temperature and humidity raised 450 + 50 C and 95% ± 5% relative
humidity. The test specimens shall be exposed to this environment for96 hours.
At the end of this period, visual examination and the functional tests shall be
conducted.

5.1.2 Thermal Shock
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Purpose of Test. - This test is performed to evaluate the ability
of the diode to withstand a rapid temperature change between high and low tempera-
ture operating limits.

Procedure. - The cells shall be subjected to five temperaturc
cycles at a minimum thermal rate of 300 per minute between the extremes of 900 +
10 0 C and -1960 + 100 C. The solar cells shall remain at the extremes for oe-
hour. Visual examination and the functional tests shall then be conducted.

5.1.3 High Temperature/Vacuum

Purpose of Test. - This test is performed to evaluate the com-
bined environments of high temperature and vacuum on the diode performance.

Procedure. - The solar cells shgll be placed in a test chamber
reduced in pressure to a vacuum of at least 10" Torr. The temperature shall be
raised to 1400 + 160C. The solar cells shall remain in the chamber for a period
of 168 hours. At the end of this period, the cells shall be allo,,ed to return
to room ambient temperature and pressure. The cells with silver-titanium contacts
shall then be removed. Repeat the test for the cells 0ith aluminum contacts,
except that the temperature shall be raised to 2000 C and the test conditions
maintained for one hour. At the end of this period, the cells shall be allowed
to return to room ambient temperature and pressure. All cells shall be visually
inspected and electrically tested.

5.2 Hughes Tests - Vibration tests on blocking diodes shall be per-
formed at Hughes and shall be accomplished with the blocking diodes inter-
-connected to 3 x 4 s~lar cell arrays. The blocking diodes and solar cell arrays
shall be bonded to a HASP type substrate per XPS 31456-011. The substrate
shall be wound on the vibration test mandrel with a tension of 2.3 lb + 0.1 lb.
The blocking diode bonding, coveralide and cushioning shall be representative
of a flight configured blocking diode assembly.

5.2.1 Vibration Test

Purpose - The vibration test is performed for the purpose of
determining the effect of each of two differently oriented vibrations on
component parts.

Procedure -

Orientation - The first oriented vibration shall be applied as
shown in Figure I (LOAD 1) for a period of 3 minutes + 15 seconds. The second
oriented vibration shall be applied as shown in Figure I (LOAD 2) for a period
of 3 minutes + 15 seconds.

Amplitude - The vibration test shall be performed with a
nominal peak acceleration uf 20 g's.

Frequenc - The vibration frequency shall be a nominal 50 HZ.
A careful visual inspection shall be performed after the completion of both
phases of the vibration test. All discrepancies shall be recorded. Electrical
tests shall then be performed as specified in Paragraph 4.1 and 4.2.
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5.2.2 Endurance Test

Purpose of Test - This test will determine the effects of a
1000 hour burn-in on the electrical characteristics of the diodes when subjected
to the specified conditions.

Procedure. - The blocking cells will be subjected to a 1000
hour burn-in test where a maximum current of 3 amperes will be passed through

each device while the device temperature is maintained at 95 0 C. Changes in
the electrical characteristics as a function of tLme will be m- itored and
evaluated.

6.0 ENVIROnTrENTAL TEST PROGRAM

This phase of the developmental test program will determine the compat-
ibility of the diode as part of a solar array. Hughes will fabricate eight (8)
flexible panel segments (four with integral aluminim contacted cells and four
with silver-titanium contacted cells) for -.nvironm=ntal testing. Each segment
will consist of three cells in parallel by four cells in series with two
redundant parallel blocking diodes in series with the solar cells. Included
in this phase, which will be limited to approximately two (2) monzhs, are
the following environmental tests: mechanical pull strength test,,; roll-up tests
on a simulated storage drum; thermal-vacuum testing, and temperature cycling
tests in a non-vacuum. All tests will be conducted at HAC.

6.1 Mechanical Pull Test (5 Cells, Each Type)

Purpose of Test. - This test is designed to verify that a
flight configured interconnect and cell combination has sufficient mechanical
pull strength.

Test Apparatus, -- This test will be performed using a Unitek
Micropul Model 6-092-03 pull tester.

Procedure. - Solder or weld the interconnect material to the
cell. After the connection has been made, slit the interconnect material into
100 mil wide sectors. Pull each cf these sectors separately by clamping the cell
to the pull tester frame and clamping the pull tester arm to the interconnect.
Pull each sector until the interconnect breaks or the solder or weld joint gives.
Record the pull at which the failure occurs.

6.2 Roll Up Test (One Sector. Each Type)

Purpose of Test.- This test is designed to verify that the
diode, as connected in a typical array configuration will be capable of with-
standing a large number of roll up operations.
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Procedure. - Test samples shall be cycled 500 times. The test
sample shall be loaded at 0.77 lbs. The samples shall be loaded in the series
cell direction and rolled with the cells facing away from the roller. After
"completion of the test, the diodes shall be subjected to f viaual ex&mination
and functloral tests per Paragraph 4.1 and 4.2.

6.3 Vacuum Chamber Tests (One Aluminum Array Segment. One Silver-
Titanium Array Segment

Purpose of Test. - This test is designed to verify the thermal
characteristics of thd diodes when operating in a typical panel application
with planned front and back shielding.

Test Circuit. - Same as shown for the forward voltage test.

Teat Apparatus. - Thermal vacuum chamber and heaters.

Procedure. - Calibrate diode voltage versus temperature at
0,3, 0.4, 0.5, 0.6, and 0.7 amps by placing the diode in a controlled tempera-
ture chamber and recording the diode voltage from 100°F to 300°F in 20°F
increments.

Then place the array segment in a vacuum chamber iith UN2 cold
walls and heaters to simulate solar input. The chamber pressure shall be less
than 10-5 Torr. Measiure stabilized diode voltages with 0.3, 0.4, 0.5, 0.6, and
0.7 amps current. Calculace the diode operating temperature at each current.

Sumnary

Calibration Currents - 0.3, 0.4, 0.5, 0.6, and 0.7 amps.
Calibration Temperatures - 1000 to 300 0 F.
Vacuum Chamber Pressure - 10w5 Torr.
Currents for Vacuum Measurements - 0.3, 0.4, 0.5, 0.6, and 0.7

6.4 Temperature Cycling Test (One Aluminum Diode Array Segment. One
Silver-Titanium Riode Array Segment

Purpose of Test. - This test is designed to verify the integrity
of the interconnected diode under simulated temperature cycling.

Test Apparatus. - This test will be run with the Hughes Auto-
msatic Temperature Cycling Tester.

Procedure. - A temperature cycling test consisting of 1000
temperature cycles will be conducted on two of the flexible panel segments.
The test will consist of thermal cycling the two flexible panel segments
between -1960 + 10 0 C to +900 + 100 C. After every 200 cycles, the blocking
diodes shall be subjected to a visual inspection and functional tests per
Paragraphs 4.1 and 4.2.
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APPENDIX C. DIODE DRAWINGS
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